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(54) HOMOGENOUS SPECIFIC BINDIN G ASSA Y METHOD 
AND TEST SYSTEM FOR USE THEREIN 

(71) We, MILES LABORATORIES INC., a Corporation organised and 
existing under the laws of the State of Indiana, United States of America, of 1127 
Myrtle Street, Elkhart, Indiana, 46514, U.S.A., do hereby declare the invention for 
which we pray that a patent may be granted to us, and the method by which it is to 
be performed, to be particularly described in and by the following statement 
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1. FIELD OF THE INVENTION 

This invention relates to methods and test systems for determining the 
presence of a ligand in a liquid medium based on the affinity of the ligand for a 
specific binding partner thereof. In particular, this invention relates to methods and 
test systems for use in specific binding assays which do not require a separation step 
and which do not employ radioactive materials or modified enzymes as the labeling 
substance. 

The desirability of a convenient, reliable, and non hazardous means for. 
detecting the presence of low concentrations of substances in liquids is self-evident. 
This is particularly true in the field of clinical chemistry where constituents of body 
fluids which may appear in concentrations as low as lOr 11 molar are known to be of 
pathological significance. The difficulty of detecting such low concentrations is 
compounded in the field of clinical chemistry where sample size is usually quite 
limited 

Classically, substances have been detected in liquids based on a reaction 
scheme wherein the substance to be detected is a necessary reactant. The presence 
of unknown is indicated by the appearance of a reaction product or the 
disappearance of a known reactant In certain instances, such an assay method may 
be quantitative, based on a measurement of either the rate of appearance of 
product or disappearance of reactant or measurement of the aggregate amount of 
product produced or reactant consumed in attaining equilibrium. Each assay 
reaction system is necessarily either limited to use in the detection of only a small 
group of substances or is non-specific. 

The search for assay systems which are highly specific yet adaptable to the 
detection of a wide range of substances has evolved the radioimmunoassay. In this 
system a known amount of a radiolabeled form of the substance to be detected is 
allowed to compete with the unknown for a limited quantity of antibody specific 
for the unknown. The amount of the labeled form that becomes bound to antibody 
varies inversely with the level of unknown present. Inherent in the 
radioimmunoassay technique is the need to separate the labeled form of substance 
to be detected which becomes Sound to antibody from that which does not become 
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so bound. While various ways of accomplishing the required separation have 
5 e «| i developed, as exemplified in U.S. Patents Nos. 3,505,019; 3,555,143; 2,646,346; 
3,720,760; and 3,793,445, all require at least one separate manipulative step, such 
as filtering, centrifuging, or washing, to insure efficient separation of the bound- 
5 labeled form from the unbound-labeled form. The elimination of the separation 
step would greatly simplify the assay and render it more useful to the clinical 
laboratory. _ 

' The use of radioactive materialsln immunoassays has been eliminated to some 
degree by the use of enzyme-tagged materials in place of radiolabels. As 

10 exemplified by U.S. Patents Nos. 3,654,090 and 3,791,932, the manipulative steps 
necessary for carrying out the enzyme-tagged immunoassays are for the most part 
the same as those required in radioimmunoassays and include the cumbersome 
separation step. An additional disadvantage of using enzyme-tagged materials is 
that each enzyme used as a tag must be individually chemically modified for use in 

15 the formation of the tagged conjugate. The use of other tagging materials has been 15 
suggested, such as the use of coenzymes or viruses, Nature 2/P:186(l 968) and the 
use of fluorescent-labels, French Patent No. 2,217,350. 

2. DESCRIPTION OF THE PRIOR ART 

While the radiolabeled and enzyme-tagged immunoassays may undergo future 

20 improvement in terms of expansion of the range of substances detectable thereby 20 
or of simplification of the procedure, by their nature they win always require some 
type of separation step. Recently, a different approach was disclosed which does 
not require a separation step and therefore has oeen referred to as a homogenous 
system, in contrast to a heterogenous system in which separation is essential. U.S. 

25 Patent No. 3,817,837 discloses a competitive binding assay method involving the »25 
steps of combining the liquid to be assayed with a soluble complex consisting of an 
enzyme as a labeling substance covalently bound to the ligand to be detected and 
with a soluble receptor, usually an antibody, for the ligand; and analyzing for the 
effect of the liquid to be assayed on the enzymatic activity of the enzyme in the 

30 complex. 30 
While this method has the advantage of not requiring a separation step 
because reaction between the enzyme-bound-ligand complex and the receptor 
results in inhibition of the enzymatic activity of the enzyme in the complex, the 
method nonetheless is severer^ restricted in its ability to be adapted to widely 

35 varied assay requirements. For instance, it is clearly essential that in the fabrication 35 
of the enzyme-bound-ligand complex, the substance or ligand to be detected must 
be coupled to the enzyme in a carefully controlled manner so that the coupling site 
is close, to the enzymatically active site on the enzyme. This is required in order that 
upon reaction between the complexed ligand and the receptor, the enzymatically 

40 active site is blockel Enzymes vary greatly in their size, ranging in molecular 40 
weight from about 10,000 to 1,000,000. Thus, for a receptor in the form of an 
antibody having a molecular weight of between 150,000 and 300,000 to be capable 
of physically blocking the active site on an average enzyme of 500,000 molecular 
weight or greater, the coupling site must be precisely controlled. Due to the 

45 complex chemical structure of enzymes, precise control of such chemical linkage is 45 
indeed difficult, and one would expect that even upon screening a wide variety of 
enzymes only a small number would be found to be of use in this homogenous assay 
system. ^ 

Moreover, it Is critical for the purpose of obtaining quantitative test results to 

50 precisely control the ratio of the number of enzymes to the number of Ugands in 50 
each enzyme-bound-ligand complex. Here also, the complex peptide structure of 
enzymes makes such control difficult. It would again be expected that only a small 
number of enzyrnes would have suitable molecular structure to ensure necessary 
control of the ligand/enzyme ratio. 

55 The prior art homogeneous assay method is stated to involve an enzyme 55 

amplification and thus to be highly sensitive. However, since the labeling 
substance, namely the enzyme, is itself the limiting factor determining the 
sensitivity of the prior art assay method, the versatility of the method is severely 
restricted. The sensitivity is clearly limited to the catalytic activity of the particular 

60 enzyme in the enzynie-bound4igand_ conjugate. The versatility of the prior art 60 
method Is tfierefore restricted not only by the coupling requirements for formation 
of a useful conjugate but also by the dependence of the sensitivity of the assay that 
employs such conjugate on the activity of the particular conjugated enzyme. 
An additional disadvantage of the prior art homogeneous assay method arises 
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23SS* ^ £ P"ferred also are evelic reaction systems, especially those in 
which the reactant is the cycled material. Of the preferred eyefic reaction systems 
%°J° T ^^^talyzed are particularly advantage S 2un 
25feSaK b fT? y M cnz * matic rcactant . su <* as an eniyme substrate^ is 
tr^Tooo! Prefcrrcd ' a coen ^ mc » ™ d Preferably has a molecular weight of less 

BRIEF DESCRIPTION OF THE DRAWING 

^ *i? igUre 1 fa * « r ^ ,h «» 1 representation of the effect of various levels of a lieand 

*nJSET JliT 1 ™ ^ \ n a ^ bmding^ycling assay technique * 
imriA«Pb!lk ^^^M.^ ^aptocal representations of the effect of 

various levels of two different ligands on the aeereeate reaction «r i i« i 
competitive binding-cycling assay tf chnique. gg fi aCU ° n mc m a 
^ Figures 4 and 5, respectively, are graphical representations of the effect of 

An *?5S!f." a £? pb £« "Presentation of the effect of various levels of a ligand 

assay techniques, one involving a fluorescent monitoring reaction and the othef 
involving a spectrophotometric monitoring reaction. 

• Fl *? re V "S* ^.respectively, are graphical representations of the effect of 

« EES! L C - e H. 0f \ W0 diffcrent JWf °, tt *• «■!■*• ^tensity of luminescfnce. 

25 produced in direct and competitive btading+iotaminescent assay techniques 25 
M ,i„„?? rCS i f^i 2, re^ectwely, are graphical representations of the dffect of 
various levek of a ligand on the peak light intensity produced in two different 
competitive binding-chemiluminescent assay techniques. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

fnin„L?lL e n ( !?fi 0f disclosure ' following terms shall be defined as 30 
^S^JSSA • ™5 8tan J c . e ' °r «™P * substances, whose'presence or the 
Sffi.Sfa" 0 ' m a u h ? uld mcdlum " to i» determined; specific biding partner of 
Sir^"ti^.S5!& °' ^ of a* 8 **"** *hich has a spVcMc toding 

Sgta^ 

In general, the. components of the specific binding reaction, i.e.. the liquid 
SSET [P«^ a °f con ^K^^an/the conjugate, and/or a ip^bffij 
tt.A.'.W may ^ combined in any amount, manner, and sequence 40 

£ e ac iT aty of "i* 801 in conjugate is measurably altered 
ri™*;™ h( i u,d . mediunl con t?*?s "e Hgand in an anlount or concenfration of 
signnlcance to the purposes of the assay. Preferably, all of the components of ? the 

45 homogenous assay system However, a heterogenous assay system wherein the 
deK W a ^ g Partn ° r ^ 016 Ug ™ d 13 ^solufle^y be empk^ed 
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conjugated reactant on contact with the 



ffi —fc^lf 8 freely wnh the extent of binding between the ligand fa the 
hquid medium and the specific binding partner in th? conjugate. Thus asthe 

ss SSJ?. °a llgand m £ e ( qu i d ""diumVereases, the activ^yaf the cottted 

tSSS&f"™* 7° °j»^«l u "titativ;e results, the amount of the spicule 55 
binding partner contacted with the liqud medium is usually in excess of that 
capable of bmding with all of the ligand thought to be presH theSuM mflSS 
JSSt?" tn ??^ at ^ c0l *V to ^ "l uid me *«ni are in contact ?ri?i 

fin £ ? mp J ? 0n of ™ e cessment of any change in acUvity of the conjugated reactant. 

lL P „ ractICC ;- an T 0 ^ 1 - of ^ "Pf 0 " 50 bindin 8 P"* 116 ' is chosen according to "the 60 
above-mentioned crnenon based on an estimation of the largest amount of the 
]?M, n ^ h " h t0 b e present in the Uquid medium? A direct bfadml 

technique is particularly useful in detecting high molecular weight ligands which 
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in its application to the testing of biological fluids such as urine and serum. It is to 
be expected that significant amounts of the enzyme species comprised in the 
enzyme-bound-ligand conjugate may appear in the fluid sample to be tested 
thereby creating an uncontrollable background activity which would severely 

5 affect the accuracy of the assay method. Therefore, in order to form an assay 5 
system that is useable in testing biological fluids of humans or animals; exotic 
enzymes not endogenous to such fluids must be selected for use in forming the 
enzyme-bound ligand conjugate with the result that the versatility of the assay 
.method is even further restricted. 

10 The present invention provides a novel test method for detecting a ligand in a 10 

liquid which does not require a separation step and which does not employ 
inconvenient radioactive materials or modified enzymes as the labelling substance, 
and also provides a test system for use therein. 

The present invention provides a highly convenient, versatile, and sensitive 

15 homogenous specific binding assay method based on the use of, as labelling 15 
substance, a substance of the classes hereinafter defined, which exhibits activity as 
a constituent of a predetermined reaction, such substance being referred to herein 
as the reactant 

The method of the present invention for assaying a liquid medium for a ligand 

20 comprises (1) contacting the said medium with a conjugate of (a) a reactant which is 20 
in one or more of the following categories: 

fi) a substrate in an enzyme-catalysed reaction system; 

(h) a reactant in a cyclic reaction system (as hereinafter defined); 

(iii) a reactant in a luminescent reaction system, or 

25 (iv) a coenzyme in an enzyme-catalysed reaction system, 25 

with (b) the said ligand, a specific binding analogue of the said ligand, or a specific 
binding partner of the said ligand, and if (b) is the said ligand or analogue thereof, 
further contacting said medium with a specific binding partner of the said ligand, 
the said conjugate being such that a predetermined characteristic of the said 

30 reactant (a) is different in the conjugate and in the product formed by binding of 30 
the conjugate to either (A) the said iigand when (b) is a specific binding partner 
thereof or (B) the said specific binding partner of the said ligand where (b) is the 
said ligand or a specific binding analogue of the said ligand, and (1) thereafter 
assessing any change in the activity of the said reactant (a) in the 'respective 

35 reaction by contacting the said medium with a further substance so as to form a 35 
said reaction system, and comparing a characteristic of the resulting reaction 
system with that of an otherwise similar reaction system containing a known 
amount of the said ligand. 

The new method is based, in part, on the fact that the reaction between a 

40 ligand and a specific binding partner thereof to one of which the reactant is 40 
coupled alters the activity of the reactant in the predetermined reaction, so that the 
reaction thus serves as means for monitoring the specific binding reaction. In view 
of this basic phenomenon, various manipulative schemes involving various test 
compositions and devices may be employed in performing the method of the 

45 present invention. The preferred fundamental manipulative schemes are the direct 45 
binding technique and the competitive binding technique. 

In the direct binding teebmque, a liquid medium suspected of containing the 
ligand to be detected is contacted with a conjugate comprising the reactant 
coupled to a specific binding partner of the ligand, and thereafter any change in the 

50 activity of the reactant is assessed. In the competitive binding technique, the liquid 50 
medium is contacted with a specific binding partner of the ligand and with a 
conjugate comprising the reactant coupled to one or both of the ligand or a specific 
binding analog thereof, and thereafter any change in the activity of the reactant is 
assessed. In both techniques, the activity of the reactant is determined by 

55 contacting the liquid medium with at least one reagent which forms, with the 55 
reactant, the predetermined monitoring reaction. Qualitative determination of the 
ligand in the liquid medium involves comparing a characteristic, usually the rate, of 
the resulting reaction to that of the monitoring reaction in a liquid medium devoid 
of the ligand, any difference therebetween being an indication of a change in 

60 activity of the reactant Quantitative determination of the ligand in the liquid 60 
medium involves comparing a characteristic of the resulting reaction to that of the 
monitoring reaction in liquid media containing known amounts of the ligand. 

The monitoring reaction preferably is an enzyme-catalyzed reaction. Usually, 
a monitoring reaction is selected which is highly sensitive to the reactant in the 

65 conjugate. Luminescent or fluorescent reaction systems are very useful in this 65 
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have specific binding partners that are smaller than themselves. 

wh ere a competitive binding technique is used, the components of the specific 
binding reaction arc the liquid medium suspected of containing the ligand, a 
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)f the 5 

_ ^ _ 0 j with 

both the conjugate and the fiquid medium. Since any ligand'in the liquid medium 
competes with the ligand or specific binding analog thereof in the conjugate for 
binding with the specific binding partner, the activity of the conjugated reactant on 
10 contact with the liauid medium varies directly with the extent of binding between io 
the ligand in the liquid medium and the specific binding partner. Thus, as the 
amount of the ligand in the liauid medium increases, the activity of the conjugated 
reactant increases. To obtain quantitative results, the amount of the specific 
binding partner contacted with the conjugate and the liquid medium is usually less 
15 than that capable of binding with all of the ligand thought to be present in the fiquid 1 5 
medium and all of the ligand or ligand analog in conjugated form in the time that 
the specific binding partner, the conjugate, and the liquid medium are in contact 
prior to completion of the assessment of any change in activity of the conjugated 
reactant. In practice, an amount of the specific binding partner is chosen according 
20 to the above-mentioned criterion based on an estimation of the largest amount of 20 
the ligand which is likely to be present in the liquid medium. Usually, the amount of 
the ligand or ligand analog in conjugated form which is contacted with the liquid 
medium does not exceed the smallest amount of the ligand to be tested for in the 
liquid medium. A competitive binding technique is particularly useful in detecting 
25 iigands which have specific binding partners that are larger than themselves. 25 
A variation of the competitive binding technique is the displacement binding 
technique wherein the conjugate is contacted first with the specific binding partner 
of the ligand and thereafter with the liquid medium. Competition for the specific 
binding partner then occurs. In such a method, the amount of the conjugate 
30 contacted with the specific binding partner is usually that which comprises the 30 
ligand or analog thereof in excess of that capable of binding with the amountof the 
specific binding partner present during the time that the conjugate and the specific 
binding partner are in contact prior to contact with the liquid medium suspected of 
containing the ligand. This order of contact may be accomplished in either of two 
35 convenient ways. In one method, the conjugate is contacted with the specific 35 
binding partner in a liquid environment prior to contact with the liquid medium 
suspected of containing the ligand. In the second method, the liquid medium 
suspected of containing the ligand is contacted with a complex comprising the 
conjugate and die specific binding partner, the specific binding substance in the 
40 conjugate and the specific binding partner being reversibiy bound to each other. 40 
The amount of the conjugate that becomes bound to the specific binding partner in 
the first method, as well as the amount thereof which is in complexed form in the 
second, method, is usually in excess of that capable of being displaced by all of the 
ligand in the liquid medium in the time that the specific binding partner, or 
45 complex, and the medium are in contact prior to the completion of the assessment 45 
of any change in the activity of the conjugated reactant. 

Another variation of the competitive binding technique is the sequential 
saturation technique wherein the components of the specific binding reaction are 
the same as those used in the competitive binding technique, but the order of 
50 addition or combination of the components and the relative amounts thereof used 50 
are different. Following a sequential saturation technique, the specific binding 
partner of the ligand is contacted with the liquid medium suspected of containing 
the ligand for a period of time prior to the contact of said liquid medium with the 
conjugate. The amount of the specific binding partner contacted with the liquid 
55 medium is usually in excess of that capable of binding with all of the ligand thought' 55 
to be present in the liquid medium in the time that the specific binding partner and 
the liquid medium are in contact prior to the time that the liauid medium is 
contacted with the conjugate. Further, the amount of the ligand or ligand analog in 
conjugated form is usually in excess of that capable of binding with the remaining 
60 unbound amount of the specific binding partner during the time that the liquid 60 
medium and the conjugate are in contact prior to the completion of the assessment 
of any change in activity of the conjugated reactant In practice, the amounts of the 
specific binding partner and of the ligand or ligand analog in conjugated form are 
chosen according to the aboye-mentioned criterion by estimating the largest 
65 amount of the ligand likely to ; be present in the liquid medium. 65 
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Manipulative schemes involving other orders of addhi n and other relative 
amounts f the specific binding reaction components may be devised for carrying 
out a homogenous specific binding assay. 

The step of assessing any change in activity of the conjugated reactant as a 
$ constituent of the predetermined monitoring reaction is conveniently 5 
accomplished by contacting the specific binding reaction mixture with at least one 
substance which forms with the conjugated reactant, the monitoring reaction, and 
determining the effect of the specific binding reaction on a characteristic of such 
reaction. The monitoring reaction may comprise a single chemical transformation or 
10 a plurality or senes of cTiemicaTtKrasformatioris. Unless otherwise specified the in 
term "reaction system" as used herein refers to the whole or a portion of the 
predetermined monitoring reaction. 

Where an enzyme-catalyzed reaction system is used, it includes, in addition to 
the conjugated reactant, at least one enzyme and one or more substrates or 
15 coenzymes. Such enzyme-catalyzed reaction system may comprise a single simple 
enzymatic reaction or a complex series of enzymatic and non-enzymatic reactions. 
For instance, the enzyme-catalyzed reaction system may consist of a single 
enzyme-catalyzed degradation or dissociation reaction. In such a system, the 
conjugated reactant is the enzyme substrate which undergoes degradation or 
20 dissociation, and the only component of the reaction system necessary to be 
contacted with the specific binding reaction mixture is an enzyme which catalyzes 
the degradation or dissociation reaction. A more complex enzyme-catalyzed 
reaction system may consist of a single enzymatic reaction involving two or more 
reactants or may consist of a series of reactions involving several reactants, at least 
25 one of which reactions is enzyme-catalyzed. In such a system, the conjugated 25 
reactant would be one of the enzymatic reactants in the enzyme-catalyzed reaction 
and the specific binding reaction mixture would be contacted with the appropriate 
enzyme and reactant constitutents, other than that in the conjugate, which are 
necessary to provide the selected enzyme-catalyzed reaction system. 
30 It is fur per contemplated that the enzyme-catalyzed reaction system may 30 

comprise a biochemical system as complex as the metabolic system of a biological 
cell such as a microorganism. For example, a nutrient substance essential to the 
growth of a particular microorganism may be selected as the reactant in the 
conjugate. Any change in the activity of the reactant would cause a change in a 
35 growth characteristic of the microorganism when such microorganism would be 35 
placed in an environment wherein the only source of the reactant nutrient 
substance is the conjugate. Thus, for example, a change in the rate of 
microorganism growth when contacted with the specific binding reaction mixture 
would indicate the presence of the ligand therein. 

The appropriate reaction constituents which form, together with the 40 
reactant in the conjugate, the monitoring reaction may be contacted with the 
specific binding reaction mixture singularly or in any combination either prior to, 
simultaneous with, or subsequent to initiation of the specific binding reaction. 
After initiation of the specific binding reaction, the reaction mixture, which may 
include any or all of the necessary components for the monitoring reaction is 
usually incubated for a predetermined period of time before assessing any change 
in the activity of the reactant in the conjugate. After the incubation period, any 
components which are necessary for the monitoring reaction and which are riot 
already present in sufficient quantities in the reaction mixture are added thereto, 
50 and any effect on the monitoring reaction is assessed as an indication of the 50 
presence or amount of the ligand in the liquid medium. 

In the situation where the ligand is absent from the liquid medium, or is 
present in an insignificantly small amount, the predetermined monitoring reaction 
exhibits a relatively constant character. When the ligand is present in the liquid 
55 medium, at least one characteristic or property of the monitoring reaction is 55 
altered. Generally, the activity of the conjugated reactant is defined as the extent or 
rate at which the rcacant is capable of participating in the monitoring reaction. 
Thus, the character of the monitoring reaction is altered by the presence of the 
ligand in the liquid medium, usually with respect to either the aggregate reaction 
60 rate thereof or the equilibrium quantity of one or more reaction products produced an 
thereby. In the usual case, the ability of the conjugated reactant to participate in 
the monitoring reaction is decreased upon reaction between the specific binding 
substance to which it is conjugated and a specific binding counterpart of such 
specific binding substance, that is, the conjugate In its free state is more active in 
65 the monitoring reaction than in its bound state. The relative amounts of free and 55 
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bound c njugatc present after the incubation f the specific binding reaction are a 
function of the amount of ligand in the liquid medium and are determinative of the 
effect on the monitoring reaction. 

When the change in the aggregate reaction rate of the monitoring reaction is 

5 the characteristic used to determine the presence of the ligand, as is preferred, such 5 
rate is usually determined by measuring the rate of disappearance of a reactant or 
the rate of appearance of a reaction product. Such measurement can be 
accomplished by a wide variety of methods including the conventional 
chromatographic, gravimetric, potentiometric, spectre-photometric, fluorometric, 

10 turbidimetric, and volumetric analysis techniques. Since the present method is 10 
primarily designed for the detection of low concentrations of ligands, highly 
sensitive reaction systems have been developed for use in conjunction with the 
novel specific binding reaction system. 

One preferred form of the monitoring reaction includes a luminescent reaction 

15 system, preferably enzyme-catalyzed, such as a reaction exhibiting the 15 
phenomenon of bioluminescence or chemiluminescence. The reactant tn the 
conjugate may be a reactant in either the light-producing reaction or a reaction 
which is preliminary to an enzymatic or non-enzymatic luminescent reaction. Any 
change in the activity of the conjugated reactant resulting from the specific binding 

20 reaction causes a change in the rate of light production or in the total amount, peak 20 
intensity, or character of the light produced. Examples of luminescent reaction 
systems are given in Table A in which the following abbreviations are used: 

ATP adenosine triphosphate 

AMP adenosine monophosphate 

25 NAD nicotinamide adenine dmucleotide 25 

NA DH reduced nicotinamide adenine dinucleotide 

FMN flavin mononucleotide 

FMNHj reduced flavin mononucleotide 

hp electromagnetic radiation, usually in the infrared, 

30 visible, or ultraviolet region 30 
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«ftb«ulf«roa» 



f-Upbtfcol 



5-pyridol 



CO* 

n 

of 



REACTION A " ' ' 

rtactant* aA^^ *at«ri»l^Awoduct» B 



I" th £ ^ovf. model cyclic reaction system, a small amount of cycled material if 

of products A and B/Since the rate and amount of product oroducedfev rtie 
25 reactions constituting the cyclic reaction system is h^wS^tt^^Lt^ 
cycled material present, it is most preferred to usVtVe eye ed mSeria? Tthe 
reactant in the conjugate of the present invention. Bn^^^StJS& 

reaction system of the present invention are given in Tables B, £ and D. 
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ligand, r a specific binding partner of the Bgand. Specific conjugates which may be 
used in this type of reaction system are various enzymc-cleavable derivatives of 
flu rescein. urabeUifer ne, 3-indole, p-naphthol, 3-pyridol, resorufin, rhodamine 
B, and so forth. Examples of possible structural formulas of such derivatives are as 
5 follows: 
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S<i R?*-H$^^ X ~ Z (aS dcfWcd * we ' m this Paraph), R* is-X^Z, 
nov^«n?r C ^ n K^ em h P** cuI arIy preferably for use in monitoring the 

The following diagram illustrates a model of a cyclic reaction system: M 
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product A' 


TABLE B 

^^KAD*-n. .^--reactant B 
tnVfw •nxVna 






< 

reactant J 






reaction 


reactant A 
or 

product B 


enzyme 


reactant B 
or 

product A 


1 


lactaldehyde 


alcohol dehydrogenase 


propanediol 


2 


a-tctoglutarato + 
NH, 


glutamic dehydrogenase 


glutamate 


3 


oxaloacetate 


malic dehydrogenase 


malate 


4 


acetaldehyde 


alcohol dehydrogenase 


ethanol 


5 
6 


o-ketoglutarate + 

dihydroxy acetone 
phosphate 


iso citric dehydrogenase 

a-glycerol phosphate 
dehydrogenase 


isocitrate 

L-a-glycerol 
phosphate 


7 


pyruvate 


lactic dehydrogenase 


lactate 


8 


t t 3-diphospho* 
glycerate 


glyceraldehyde-3- 
phosphate dehydrogenase 


glyceraldehyde- 
3-phosphate + 
phosphate 



* nicotinamide adenine dinucleotide 



** reduced NAD 



10 



product A -y— HADP* rei 

enxVae en ante 

reactant A^A^MADFH** .^A^J* 1 



reaction 


reactant A 
or 

product B :i 


eniyne 


reactant B 
or 

product A 


1 


6-phoipho- 
giueonate 


glucose-6 
-phosphate 
dehydrogenase 


glucose-6 
-phosphate 


2 


oxidised 
glutathione 


glutathione 
reductase 


reduced glu- 
tathione 


3 


p-benxoqnJ- 
nane 


qui none 
reductase 


hydroqui- 
nona 


* 4 


nitrate 


nitrate 
reductxia 


nitrite 


S 


a-ketoglu* 
terete ♦ HHj 


glutaalc 
dehydrogenase 


glutamate 



nicotinamide adenine dinucleotide phosphate 
reduced JiADP 



It should be noted that the cyclic reaction systems illustrated in Tables B and 
C comprise the combination of any one of the reactions listed in the respective 
tables with any other reaction listed therein. For example, reaction t in Table B 
may be paired with any one of reactions 2—8 to form a useful cyclic reaction 
system. Thus, Tables B and C represent respectively 56 and 20 possible cyclic 
reaction systems for use in the present invention. 

In addition to the cyclic reaction systems represented in Tables B and C, it is 
contemplated mat one of the reactions in the cyclic reaction system may involve* 
the enzymatic or non-enzymatic conversion of a spectrophotometric indicator, 
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TABLED 

oxidised 
•■carbtttx. ^glutathione 



'lydroaacoroata glutathione 
rtdactti* rtdttctasa 

<S radoetd * n 

■ *1ntath4mia 



dehydro , 

aicarbata |lotalhioa« 



oxldlaad 
glutathione 



delqrdT«ascorb»ta ascotbat* 
raductasa oxidasa 

Clutathiona ascoTbata HjO 




oxalaacetata 



phoftphoanol 
PTTtnrata Uaaat 



.phosphoanol 
pyruvate 



H-0_ OXidl»d 

^X^^^ cytochrome C\ s ^^ f 

cytochrome C cytochrome C 

paroxidaaa radyetaia 



H-O- ^^^V teducad •*^NtADP 
cytochrome C 

KADPBx. ^oxidliad \ >^H, * 
\f farxldoxlm X/^ 1 

pyrldlna hydroca&asa 
nucleotide raductasa 1 

WADP >^ N^ T .ducad >^ ^WlP 
farrldoxi* 

In forming any of the cyclic reaction systems illustrated in Tables B, C, and D, 
where a component in the reaction system is in an ionic form, it may of course be 
added in a salt or acid form which is tonizable upon contacting the liquid medium. 
5 A water soluble salt or acid of such component is usually preferred. 5 

It is also contemplated that an exponential cyclic reaction system may be 
included in the monitoring reaction system. An example of an exponential cyclic 
reaction system is as follows: 

myokinase' 
AMP + ATP — 2 ADP 

pyruvate kinase 

10 ADP + PEP ► ATP + pyruvate io 

Such a cyclic reaction is autocatalytic in the sense that during each cycle the 
amount of cycled material is doubled. The cycling rate therefore increases 
exponentially with time and affords a high degree of sensitivity. Further details and 
discussion relating to such cyclic reactions may be found in /. Biol Chem. 
15 247;3558— 70(1972). 15 
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£ ^Sn^PS' In suc t h a "y^ 1 ?* "V chan * e *> th « reaction or cycling 
ffJSE iwJ?% Ctod V" a ? an ? e P * e «P««t">I*otometric properties 7 dw 
ini^S,.,?"^ ^ P refer 5 ed cotorimetric indicators such change would be a 
color change. An example of a cyclic reaction system involVta* > a convowion of an 
V»ta»* by combining^ of the !!p« d £ B 

reactions from Table B with a reaction comprising an oridation-reSctinn 

methosulfate may be used. Useful indicators include the oSS<f for^ rf 
mtrotetrazohum. thiazoyl blue, and dichlorophenolindopheiwl 



reduced 
cytochrome C 



oxidized 
cytochrome C 



Cytochrome C CftOWtOM C 

reductase reductase 



*£l«Tin aoDosacleotld« 
b reduced ner 



' FAD C 



D-aalnoacid D-aminoacld 
oxidase oxidase 



D-aminoacii 
oxidue 

/A, 



kstoacle 



flavla adenine dlnucleotid* 
Seduced PAD 



a-ketoglutanteNL ^s-4nlnoacld\ 

trauealnese L-aalnoacid 



glutanati 



V 

jalnoacid 

A oxidue 



phosphate, 



phosphoenol 



X >^ X /pyruvate 

triphosphatase ^kTnaia* 



^pyruvate 



'adenosine diphosphate 
'adenosine triphosphate 



succinate * GTPf, 



phosphati 



V jawtjsw A •-ketoglu- 

fc ?? c ^ Blc o-ketoglutarete 
thiokinase dehydrogenase 

e ♦ GDP* ^Vuccinyl-^ Vrmjh + co 



'guanos lae triphosphate 
"guanos ine diphosphate 
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change in reactant activity. Such a case is the enzymatic fluorescent substrate 
reaction systems, referred to previously herein. 

The reactant may be directly coupled to the specific binding substance so that 
the Molecular weight of the conjugate is less than or equal to the aggregate 

5 molecular weight of, the reactant and the specific binding substance. Usually, 
however, the reactant and the specific binding substance are linked by a bridge 
group comprising between 1 and 50, and preferably between 1 and 10, carbon 
atoms or heteroatoms such as nitrogen, oxygen, sulfur, phosphorus and so forth. 
Examples of a bridge group comprising a single atom would be a methylene group 

10 (oner carbon atom) and an amino group (one heteroatomV The bridge group usually 
has a molecular weight not exceeding 1000 and preferably less than 200. The bridge 
group comprises a chain of carbon atoms or heteroatoms, or a combination of 
both, and is joined to the reactant and the specific binding, substance, or active 
derivative thereof, by a connecting group usually in the form of an ester, amido, 

15 ether, thioester, thioether, acetal, methylene, or amino group. 15 
The reactant in the conjugate of the present invention may be any substance 
which has given (i.e. fixed or known) reactant activity as a constituent of a 
predetermined monitoring reaction. More particularly, for the purposes of this 
disclosure* the terms "reactant" and "substance having reactant activity" refer to 

20 any chemical substance which is capable of undergoing a finite measurable 20 
chemical transformation which yields one or more products different from itself 
and which results upon interaction of said reactant with reaction-initiating means, 
such as a chemical substance (i.e. another reactant, a catalyst, or other type of 
material which participates in such chemical transformation), electromagnetic 

25 radiation, thermal energy, or sonic energy. The class of substances defined herein 25 
as "reactants" therefore includes conventional inorganic and organic reagents and 
various biochemical materials, but excludes such materials as catalysts, including 
enzymes, and radioactive isotopes which are not reactants in the monitoring 
reaction. It will be recognized that while a particular chemical substance may be 

30 classified in several different categories because it is able to function in several 30 
ways depending on its chemical environment, it is the activity of such substance 
with respect to the selected monitoring reaction referred to herein which shall 
govern which functional identity such substance shall have in the context of this 
disclosure. 

35 Preferably, the reactant is an enzymatic reactant such as an enzyme substrate, 35 

a coenzyme, or an active modification or derivative thereof. An enzyme substrate is 
a compound or moiety capable of undergoing a chemical transformation that is 
catalyzed by an enzyme. Where a substrate is employed as the conjugated reactant, 
the preferred molecular weight thereof is less than 9000 and preferably less than 

40 5000. Substrates of such size, because of their lack of molecular complexity^ are 40 
most convenient for use in the fabrication of the conjugate. Moreover, the activity 
of such substrates when coupled to a specific binding substance is readily affected 
by reaction of the conjugate with a specific binding counterpart of such specific 
binding substance. Examples of enzyme substrates which are contemplated for use 

45 in the present invention include the enzyme-cleavable fluorescent substrates 45 
referred to previously such as fluorescein and umbeUiferone derivatives; pH 
indicators; and spectrophotometry indicator dyes, particularly chromogenic types. 

For the above reasons and for reasons of versatility and adaptability, 
coenzymes are especially preferred for use as the reactant in the conjugate. A 

50 coenzyme is a non-protein molecule which migrates from one enzyme protein to 50 
another in facilitating the efficient performance of the catalytic function 6T the 
enzyme. All known' coenzymes have a molecular weight of less than 9000, the 
preferred coenzymes having a molecular weight of less than about 50000. Useful 
coenzymes include the nucleotide coenzymes, particularly those comprising 

55 adenine groups, such as the adenosine phosphates (i.e. the mono-, di-, and tn- 55 
phosphate forms), nicotinamide adenine dinucleotide and its reduced forms, and 
nicotinamide adenine dinucleotide phosphate and its reduced forms. Other useful 
coenzymes include the guanosine phosphates, flavin mononucleotide and its 
reduced forms, flavin adenine dinucleotide and its reduced forms, coenzyme A and 

60 its thioesters including succinyl-coenzyme A, 3 f ,5' adenosine diphosphate, and 60 
adenosine-3'-phosphate-5'-phosphosulfate. 

Useful coenzyme-active conjugates comprise nucleotide coenzymes having an 
adenine group to which the specific binding substance, i.e., a ligand, a specific 
binding analog of a ligand, or a specific binding partner of a ligand, is coupled 

65 through a direct bond or a triage group as referred to hereinbefore. Such 65 
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Where a cyclic reaction system is used as a means f assessing any change in 
activity of the conjugated reactant, the rate of disappearance of a reactant r rate 
or appearance f a reaction product can be determined by conventional techniques 
or by using one or more additional cycling systems followed by a conventional 
3 determination of the aggregate reaction rate. 

The use of a cyclic reaction system in conjunction with the specific binding 
reaction system provides a high degree of assay versatility as well as sensitivity A 
single rcactant-specific binding substance conjugate may be used with a 
multiplicity of reactions to form cyclic systems which have sensitivities varying 
10 over a wide range and which provide a wide variety of responses detectable by the 
senses or artificial means. Such versatility is lacking in the homogenous enzvmatic 
assay system of the prior art. 

Wnile unnecessary in the preferred embodiment of the present invention, it 
may be desirable to employ a heterogenous assay technique even where the 
presence of the ligand in the liquid medium affects the activity of the conjugated 
reactant Such a situation may present itself where a heterogenous system offers 
particular convenience. Certain heterogenous systems have the ability to increase 
the effective concentration of the ligand in the assay system, thus increasing 
sensitivity. An example of such a heterogenous system is that which employs a 
column device containing an insoluble matrix comprising either the conjugate of 
the present invention or a specific binding partner of the ligand, depending on the 
particular manipulative format selected. All other heterogenous assay methods 
employing radio-labeled or enzyme-tagged materials as a labeling substance may 
also be followed using the reactant of the present invention as the labeling 
25 substance. 

The present invention may be applied to the detection of any ligand for which 
there is a specific binding partner. The ligand usually is a peptide, protein, 
carbohydrate, glycoprotein, steroid, or other organic molecule for which a specific 
binding partner exists in biological systems or can be synthesized. The ligand, in 
30 functional terms, is usually selected from the group consisting of antigens and 30 
antibodies thereto; haptens and antibodies thereto; and hormones, vitamins, 
metabolites and pharmacological agents, and their receptors and binding- 
substances. Specific examples of ligands which njay be detected using the present 
invention are hormones such as insulin, chorionic gonadotropin, thyroxine 
35 hothyronine, and estriol; antigens and haptens such as ferritin, bradykinin! 35 
prostaglandins, and tumour specific antigens'; vitamins such as biotin, vitamin B 12 , 
folic acid, vitamin E, and ascorbic acid; metabolites such as 3',5' adenosine 
monophosphate and 3\5' guanosine monophosphate; pharmacological agents' 
such as dilantin, digoxin, morphine, digitoxin, and barbiturates; antibodies such 
40 as microsomal antibody and antibodies to heptatitis and allergens; and specific 40 
binding receptors such as thyroxine binding globulin, avidin, intrinsic factor 
and transcobalamine. _ 

In general, it is preTerred that the conjugate comprise the reactant coupled to 
the smaller of the ligand and its selected specific binding partner. It is preferred to 
45 use a direct binding technique to detect the ligand where the molecular weight of 45 
the selected specific binding partner is about one-tenth that of the ligand or less. 
Thus, where the ligand to be detected is an antibody or a specific binding receptor 
it is preferred to follow a direct binding technique wherein the conjugate comprises 
an enzymatic reactant coupled to an antigen or hapten to the antibody or a lower 
w molecular weight binding partner of the receptor. Where the molecular weight of- 50 
the selected binding partner is ten or more times larger than that of the ligand to be 
detected, as when an antigen, hapten, hormone, vitamin, metaoolite or 
pharmacological agent is to be detected, it is particularly advantageous to employ a 
competitive binding or sequential saturation technique in which the conjugate 
& comprises the reactant coupled to the smaller ligand. 55 
In the conjugate of the present invention, the reactant Is coupled of bound~to a 
specific binding substance, which is the ligand, a specific binding analog of the 
ligand, or a specific binding partner of the ligand depending upon the assay scheme 
selected, such that a measurable amount of activity of the reactant is retailed. The 
bond between the reactant and the specific binding substance is usually 60 
substantially irreversible under the conditions of the assay such as where the 
monitoring reaction in which the reactant has activity is not designed to chemically 
destroy such bond as in the above-mentioned luminescent and cyclic reaction 
systems. However, in certain instances such bond is by design destroyed or 
otherwise affected bv the selected mrmitnrinir reaction 



° 3 otherwise affected by the selected monitoring reaction as a means for assessing the 65 
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NAD derivative refers to a derivative of either nic tinamidc adenine dinucie tide 
or a reduced form thereof; 

NADP derivative refers to a derivative f either nicotinamide adenine dinucleo- 
tide phosphate or a reduced form thereof; 

5 R refers to the specific binding substance or a modification thereof; and 5 

X refers to a leaving group, usually a halogen. 



l-poiltlcm itwlntlrti of AP 




ATP darivatlv* 

'I! Guilford, H. , at C%*mlea Baripta 1:165 (1972). 

[<) Trtfsr, I. P., *t al. a Wloohim. J. 3*f?6Q9 (1974). 



l-po»itlon d«tiv»tlT» of NAtt 




Rib - Ph - Ph - Rib 

KAD dor 1t« tire 



(3) WlnlmitlUr, B.C., and Up lan, M.O., /. 9tol Ch*m. i«:J716 (1961). 
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nf^^w i . con ffKatcs which comprise an adenosine phosphate, 
nicotinamide adenine dinucleotide or its reduced form, or nicotinamide aienine 
dinucleoUde phosphate r its reduced form, have the following general formula: 



i**r«U «* Is 



* is -OH or -o-i 
wfcarala ft 1 is 



-O-J-0 0 - -O-^-0-j^O* -O-|-0-j^0-jj-O° or * 0 '|"°*^ 0 " CH 2 0 * 4 



vhtnin ** u 
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wherein R» is —Y—Z- wherein Y is a bond or a bridge groun- and wherein 7 « «. 

^ntS^io^j Sf com P°"pds maylw accomplished fa a variety ofwavs It Is 
SEW?* 1 *^ ^>«fceadta routed which are schematicaL^ustoKelow 



Also, the following abbreviations are used; 

Rib refers to the 
ribose moiety, i.e., 

25 Rib' refers to the phosphated 

ribose moiety, i.e., |\h y| 2 5 

Ph refers to a phosphate group; 

AP 1?i™ l¥ ? ^ e J?rJl 0 dc ?V a ^y e * ? f adenpsine—S'-phosphate, i.e„ the mono- 
(AMP), di- (ADP), or tn- (APT) phosphate form; 
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1 -position derivative of XADP 



-Rib H-Ph-Rib* „!. «. ^ I . 



AMP derivative 



(iDKughes, H.A., et al. # supra. 



Rib - Ph • j»h . Rib* 

HAD? d.rintlvt 



3-poilttea derivatives of AP 
ideal** 




r 

cch 2 ) 2 -nh 2 



X) «-cMarotriacotrl-< u > 

rlbofuraaoaido /W] 
2} NH 5 {CH 3 0«) * 




(CHjCH^jPO 



KB 



(CH 2 ) J -KHR 



(CH 2 ) r Kra 



(12) lister, J.H., In l&wne** in Btttrcoydlio 
Chimiftry, ed. Kabritxkv «t at.. Acadeaic 
Press (Hew York, 1966). p. 33. 

(13) Leonard, H.J., and Pujii, T.J., /. ins*. Cfcsa. 
tew, ««iS719 (1963). 

(14) Fischer, B.. supra. 

(15) Deroll at ai., supra, 
(Ut'GullfOTd, H.» at ai.* supra. 
(17) Trarer, I. P., tt al., supra. 




AMP derivative" 

prrophosphoric acid^ 1 ''X^ ^ 
carbony! diinidatole oQ 




i r 

H-(Ph),-Rib (CH^-lOn 
ATT derivative 



3- position derivative of MAD 




aicotiaanidc fl8) 

fMnonacleottde 

dlcyclohexyl- 

cartodllnide 



(CHjjj-KHR 
AW derivative 



Rib - Ph 




I TP 
Pk - Rib (CH 2 ) 2 -KHR 

MAD derivative 



CIS) Hughes , H.A., et el., supra. 



3- position derivative of HADP 




1) FCls 



C19) 



2) Clj 

3) H 2 0 
(CH 2 ) 2 -NHR 

AMP derivative 




H-Ph-Rlb' (CH 2 ) 2 -NHH 



mlcotiJiinid.( l9 )r^V C0NM 3 

■ooonuelBOtlde^ I til 

csrbodlinide % 



r 

Rib 



Ph 




HADP derivative 



(CH 2 ) 2 -XHR 



(19) Hughes, N.A., et el., supra. 



l-posltloe. derivative of Ktng 




NAD* 



e.rbodUalde 




(«) tow, c*. and Mosbich, k. # tkP. 



dfitU (1974). 



«-POtttiW derivative* Ay 



■<6 




phosphoric acid ^v/| VJ 

carbonyi dilmldaroli"* ^T^ir 

B-(ft)j-tlb ADF derivative 
AMP derivative , ¥H, 

prrophoephorlc ecld^^i^ 
carfconyi diUidatoft 

AW derivative 



(S) Ache foe, *.W., in introduction to tne 

Ca««<««nr o/ MmUroegatU Compound*. 
set J" B f» c *«ce Putt. (Jtev fork 1962), p. JD9. 

>£i S uiUor,J » H., et supra. 
(9) Traver, I. P., at el., supra. 



2-poaitlon derivative of HAD 



AMP derivative 



CIO) Hughes, ft /. cam. J733 (193t). 



W* - Ph - Ph - • 
NAD derivative 
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t -position derivatlvs of AP 




< M > ATP dtrlvatlva 



(24) Trayar, I. P., «t al., supra. 



s -position <Urlv*tlY> of WAD 




tf*> NAD derivative 



(2S) Lae, C-Y, «t JpoA. 0i««ft«». Kepftv*. If ft HI (1974). 



I -pot It Ion derivative of MADT 




NABP derivative 



26) Lee, C-Y, at al., suprt. 

27) Low*, C.R. and Mosbtch, ft., supra. 



y-poiltlon derivative* of AP 




ADP derivative 



(21) Leonard, H.J., and 
Pajli, T.J., supra. 

(29) Lister, J.H., supra 

(30) Fischer, B., supra, 

il) Oar-" - ! " 



(31) Dlvoll, «t il., supra, 
(311 Guildford, H., «t al,, supri 
(33) Trayer, I. P., et al., supra 



H-[Ph) 3 -Rlb 

ATP derivative 



t-poiltlon d«rlvatlv« Ot A9 



H-Ph-Kib 



(10) 




QJ* PhMptoHe 4cld 



4eriWiVe «p a«iv.tiv. 

.prrophotphoric acid* 21 ) 
^ycarboayl dllaldazol* 




(21) Tray^r, hp. r «t supra. 



ATP derivative 



6 -position derivative of MAD 




MAO derivative 

(22) WindeucUer. H.G., and Kaplan, N.O., J, *tcl. c*«*. IW/2716 (1961). 



8-poaltlon derivative of KADP 




NADP derivative 



(2S) Low*, C.R., «ul Mo«b*ch, K. a supra. 
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^HwtlYti of A> (CantlMMd) 

prrophospHoric acll 9X^ 



■oaophosplKf 
OTbonjrl dllBldtzola 

ATT derlwtlv* 

photphorlcicid adenoslnt ^ 

S) BjK-COi,),^ JS: ^l * H 2 M-(CH 2 ) n .Ph.H dlcyclohtxyl ? f 

c«rBodU«U. nw-ccH^-lh-lttb 

AMP derivative 





(37) Trayer, I.f., *t al. t sapr*. 



In one form of the present invention, the components of the specific binding 
reaction which are to be combined with the liquid medium suspected of containing 
the ligand are in a liquid or solid form. In the preferred homogenous assay system, 

5 the components are usually in solution or in a solid form capable of ready 5 
dissolution in the liquid medium. Since the liquid medium to be tested is normally 
aqueous in character, the components are generally in a water soluble form, that is, 
either in aqueous solution or in a water soluble solid form such as a powder or 
resin. The assay method may be carried out in a standard laboratory vessel such as 

10 a test tube with the specific binding reaction components and the components of 10 
the reaction system being added thereto in solid or liquid form. 

It is also contemplated that one or more of the specific binding reaction 
components and/or one or more of the components of the monitoring reaction may 
be incorporated with a carrier. In one aspect, the carrier may be a liquid-holding 

15 vessel such as a test tube or capsule containing such component or components in 15 
an interior portion thereof, for instance, in the form of a liquid or loose solid or a 
coating on an interior surface of the vessel. In another aspect, the carrier may be in 
the form of matrix which is insoluble and porous, and preferably absorbent, relative 
to the liquid medium to be tested. Such matrix may be in the form of bibulous 

20 papers; polymeric films, membranes, fleeces, or blocks; gels; and so forth. In such 20 
a form, the device would provide a convenient means for contacting the liquid, 
medium to be tested, for carrying out the specific binding reaction and/or the' 
monitoring reaction, and for observing the resulting response. 

The liquid medium to be tested may be a naturally occurring or artificially 

25 formed liquid suspected of containing the ligand, and usually is a biological fluid or 25 
a liquid resulting from a dilution or other treatment thereof. Biological fluids which 
may be assayed following the present method include serum, plasma, urine, and 
amniotic, cerebral, and spinal fluids. Other materials such as solid matter, for 
example tissue, or gases may be assayed by reducing them to a liquid form such as 

30 by dissolution of the solid or gas in a liquid or by liquid extraction of the solid. 30 
in contrast to the prior art homogenous assay "system, biological fluids 
containing substances which have reactant activity similar or identical to that of the 
conjugated labeling substance may be assayed for the ligand without background 
interference. Endogenous background reactant activity can be readily eliminated 

35 in several manners. The biological fluid can be treated to selectively destroy the 3* 
endogenous reactant activity. Such treatment may involve the action of a clearing 
agent which chemically destroys the endogenous activity followed by treatment to 
inactivate the destructive action of such clearing agent. 

For instance, reactant-degrading enzymes often appear naturally in biological 

40 fluids, particularly if the reactant is a coenzyme such as NAD, NADP, or ATP. 4 
There are many inhibitors of such coenzyme-degrading enzymes, for example, 
chelating agents which operate to deprive the enzymes of essential metal ion 
activators. As a specific example, NAD-degrading enzymes are found in normal 
serum and have sufficient enzymatic activity to remove essentially all endogenous 

45 NAD activity from isolated serum within a few hours. The degrading activity of 4 
such enzymes may be "effectively inhibited ty addition of a chelating agent such as 
ethylene-diamine tetraacetic acid. Elimination of the degrading activity may also 
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9-poiitlen derivative ot HAD 




carbodiimide j& 
H-Ph-Rib Rib - pfc . Ph - rU 

AH? derivative SAO derivative 




(J4) Hujhes, N.A., *t al. f supra. 
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IS 



9- posit ion derivative of HADP 



AMP dfiTivitlvc 




nicotinamide C5S) 

'doner 



H-Ph-Rib* 



Rib - Ph - Ph 



WW- a 




NAOP derivative 



<3S) Hughes. N.A. V et al. # supra. 



In some addition to the compounds mentioned above, useful coenzyme-active 
conjugates include the adenosine phosphates to which are coupled the specific 
binding substance through the phosphate grouping. Such c 



following general formula: 



compounds have the 



R 1 is -0-|-0-R 2 -O-Ko-J-O-R 2 



wherein R 2 is — Y— Z; wherein Y is a bond or a bridge group; and wherein Z is a 
ligand, a specific binding analog of a ligand, or a specific binding partner of a 
Ugand. Also, the protonized or acid forms, as well as the salt forms where 
appropriate, may be used. 

synthesis of such compounds may be accomplished in a variety of ways. It is 
contemplated that the synthesis routes which are schematically illustrated below 
are advantageously followed in the preparation of the useful compounds. The 
abbreviations used hereinbefore also apply to the illustration to follow. 

derivatives of AT 

phosphor ic acid RX 
1) HjM-(CH 2 ) (l .0H 1 » BjM-(CH 2 ) n -Ph-R ► RHR-CCHj^-Ph-H 



10 



15 



adenosine * 36 * 

monophosphate 

carbon/1 dl in ids role 



I 

RHN-(CH 2 ) n -(Ph) 2 -Rlb 

ADP derivative 



(36)*Trayer, I.P., et al., f<«e*«n. /. 1st z 609 (1974). 
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The words "Sephadex," "Dowex," and "Whatman" arc registered Trade 
Marks. 

EXAMPLE 2 

Preparation of nicotinamide adenine dinucleotide-biotin conjugate. 

5 A 16 nig quantity of biotin was suspended in 1 ml of water containing 22 mg of 5 

nicotinamide 6 -{2-aminoethyIamino) purine dinucleotide prepared as in Example 1. 
A few drops of 0.1 N sodium hydroxide was added to aid dissolution of the biotin. A 
240 mg quantity of l-cyclonexyl-3-(2-morpholinoethylVcarbodtimide metho-p- 
tolulene sulfonate was added to the resulting solution and brought into solution by 

10 drop wise addition of 0.1 N hydrochloric acid. The reaction mixture was allowed to 10 
incubate at room temperature for 5 hours and was then poured into 10 ml of 
acetone at -10°C. The oil which formed was separated, washed twice with from 5 
to 10ml of ether and dissolved in from 1 to 2 mi of water. The resulting material was 
purified by electrophoresis on paper as in Example 1. Two fluorescent bands 

15 appeared after spraying with sodium cyanide, one having migrated toward the 15 
cathode and the other toward the anode* The latter band, which contained the 
NAD-biotin conjugate, was eluted with water and stored at -20°C. 

EXAMPLE 3 

Preparation of nicotinamide adenine dinucleotide-2,4 dinitrophenyl 
20 conjugate. 20 
A 26 mg quantity of sodium bicarbonate was dissolved in 1.5 ml of water 
containing 23 mg of nicotinamide 6-(2-aminoethylamino) purine dinucleotide 
prepared as in Example 1. To the resulting solution was added 3 ml of ethanol 
containing 17 fA of 2, 4 dinitrofluorobenzene. The reaction mixtures was stirred at 
25 room temeprature in the dark for 5 hours after which 45 ml of acetone at -10°C 25 
was added thereo. The precipitate which formed was separated, washed twice with 
10 ml of acetone, and stirred with 5 ml of water. The yellow soluble material which 
separated was purified by electrophoresis on paper as in Example 1 for 5 hours. The 
band which migrated toward the anode, and which contained the NAD-2,4 
30 dinitrophenyl conjugate, was eluted with water, concentrated to from 3 to 5 ml, and 30 
stored at -20°C 

EXAMPLE 4 
Preparation of biotin-umbelliferone conjugate. 

A reaction mixture was formed by dissolving in 10 ml of dimethylformamide 
35 100 mg of umbelliferone, 167 mg of biotin, and 141 mg of dicyclohexyl 35 
carbodnmide. The reaction mixture was incubated at -18 °C for about 4 hours, 
then overnight at 7°C and allowed to stand at room temperature for from 3 to 4 
hours. An additional 141 mg of dicyciohexylcarbodiimide was added and the 
reaction mixture was stirred at 7°C for from 3 to 4 hours and allowed to stand at 
40 room temperature overnight. The resulting precipitate was filtered off and 40 
discarded. To the filtrate was added 75 ml of ice water, and the resulting mixture 
was incubated at 0°C for 1 hour. The precipitate which resulted was filtered of and 
discarded. The filtrate was evaporated to dryness and the residue dissolved in from 
3 to 4 ml of methylene chloride. To the resulting solution was added 5 ml of 
45 diethylether. The resulting precipitate which comprised the biotinumbelliferone 45 
conjugate was filtered off, dried, and stored at room temperature. 

EXAMPLE 5 

Effect of avidin and biotin on the enzymatic cycling rate of NAD and NAD- 
biotin conjugates. 

50 The cycling reaction system used in this Example was based on the following 50 

reactions: 

lactic 

(a) NAD-hgand + lactate 



dehydrogenase 
NADH-Ugand + pyruvate 
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20 



25 



30 



40 



45 



10 



15 



20 



be accomplished by adding a specific en2yme inhibitor. F r examnle ATP 
m&™ ^ be hUhtal by * on of * ^yle^P* 

5 by th?fo P flowiS EtaSS^ ^ ***** ^ " tt0t t0 be 

_ . EXAMPLE 1 

T*Z%?i™°! ^t^^^-aminoethylamino) purine dinuclcotide 
.« ,2 ® * rams . of nKotmamide adenine dinuclcotide fNADl werVdh«nSmrf in 
10 10 m i ^ ^ ^ of c^lencimine was added Wte toe pH Sim 

10 maintained below 7 by the addition of 1 M perchloric alXwhen IfdhiM of 

hS*SS'!5V5«CT fcKv 0 " P H was ■«*«! »«> 4J wdtite ration was 

£efi SR The ^^ 1l h ? urS ' t 5 eSO,utk Jf was P 0Uredinto lOvolSmeTof 
acetone at — 10 c. The oil which formed was collected, washed with ether and 
15 dissolved in approximately 50 ml of water in a flask W! " nea wlm ctner . and 

a . JllJl SU J lr ^ i s . olnX t n ™* ^justed to pH 7.0-7.5 with 1 N sodium hydroxide 
and 1 gram of sodium bicarbonate was added. Nitrogen was bubbfc^hrouA the 
solution for from 4 to 5 minutes and 1 gram of somuni hydroralfite wa, addedTh* 
flask was sealed tightly and allowed tortand at SSSSffi to SJaS^ 
The solution was then oxygenated for 15 minutes andWutfTto pH U3 FwSh 
sodium hydroxide. The solution was heated at 75»C for 1 fiowXn Se ria^on 
mature was cooled to room temperature and 0j6 grams of iMydroxvn?etti?V 
anmomethane was added, followed by 5 N hydrochloric acid to adjust &e pM to 
7.5 To the resulting solution was added 1000 International uifis of aEohd 
dehydrogenase and 1 ml of acetaldehydel The decreasing optical I densto of the 25 
reaction mbtture was monitored at 340 nm and when no fWr dewease 

a^V^8?r W ^ J T^ t0 w 3 ; 5 - The solution WMpouredtoo lOvZmeTof 
acetone at -10«C. The oil which formed was separated and washed with ether 
after whichlt was dissolved in 10 to 15 ml of water wner * 
n solution was introduced into a 2.5x90 cm column of Sephadex 30 

G-10, availab e from Pharmacia AB, Uppsala, Sweden, equflabS wto watdr 

aSSSLH & m ^ me . ™? coll S c / d - ™* wavelengi of n^unToS 
absorption fa the ultraviolet region and the optical density at such wavelet were 

35 ?& C , rm £ cd ,- f0r ea ? t h ^ft^S the de "sity at 340 imiTeachffiion 
35 after reduction with alcohol dehydrogenise was determined. The fradionswWch 
had an optical absorption maximum at 264 nm and had a ratio of optical density at 
340 nm to that at 264 nm greater than 0.05 were po6led. The pooled material was 
concentrated to from 15 to 20 ml on a rotary evaporator and passed Kghl 
2.5x28 cm column; of Dowex 1-X8, available horn Bio-Rad Labomories 
iSaTtftf**? * ? 1 il ilibr i ted . with , water - Additional ™ter WaV^ded to 
tt&JS^ES&A 1 ^J**" *> 1 ™™ and 10 ml fractions were collerted 
I?^^T ^ lch . 1 ?l an °P t,c,d absorption maximum at 264 nm and had a ratto 
of optical density at 340 nm to that at 264 nm greater than 0.1 were pooled 
^..^ Pooled mateml was passed through a 5x45 cm column ofDto£?50-X2 
av ? lab i e J £°- m B /°- rad Laboratories, Richmond, CMm^nv$fimM*M 
Wa i e ^ Ad , d r lUon - al mto ™ to wash the pooled matertoMuA mefolZn 

Z»i™« SBS™ Wer S £°2 ected ,' T1 i e fracti0M fc ad anopticd risSrS 
maximum at 264 nm and had a ratio of optical density at 340 nm to that 9 fZ„„ 

w ml and purified by electrophoresis as follows 

fl ™tlI?£ C r 3 ^? n £ ated mate^^f applied to a sheet of Whatman 3MM paper, 
availabte from Reeve Angel, Clifton. New Jersey, in a 1 to 2 cm wide strto 
peipendiculartoAedirectfonofciuTentnow.ThepVrwM 

55 nZ^l^fT at PH ^ Efcc t«> P horesis was^ondu ™ed aSSj?* il 
Durrum hanging paper method, as described n Science 121X29(1955) for 4—7 
hours with a potential gradient of about 8.5 volts/cm. The tSlrtkEta&A 
22*™ J'T"*^ derivative was determined by fluorescence developed after 
spraying a test stop of the paper with 0.5 M sodium cyanide according to the 

60 & dc ? r,bcd in J - BtoL Chem. 191M11 1951). 3te m Sing tol 
vnliu^a nf^ t ""M" ont of the paper and extracted with three (3) 50 ml 
lESSS*. ? f • Tbe J . rcs i lltb !? ^acts containing nicotinamide 6-(2- 

nT^St^ST? P 20H; dmucleoti2e wtc P° ol «». concentrated to from 3 to 4 
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diaphorase 



15 



(b) NADH-Iigand + ihiazolyl blue (oxidized) 



NAD-ligand + thiazolyl blue (reduced) 

Eight specific binding reaction mixtures were prepared, each having a total volume 
of 0.5 ml and contaming 0.12 M NJ* bis-2-hydroxyethylglycme hydrochloride 
buffer at pH 7 8 and respectively containing the concentrations and activities 
5 mtotodn Table 1 of NAD, NAD-biotin conjugate prepared as fataSB 
biotin, and ayidm, which latter has an affinity for binding with biotin. One (ft unit 
of avidin activity is that quantity of avidin capable of binding 1 ug of biotin The 
reaction mixtures were incubated at room temperature for from 2 to 3 hours. Each 
in TC ??M on m J* tl J re was contacted with an aqueous enzyme/substrate mixture by the 
10 addition of 0.1 ml of 1 M lithium lactate, 0.05 ml of 10 mM thiazolyl blue in its 
oxidized form, and a sufficient quantity of 0.12 M N ( N-bis-2-hydroxyethylglycine 
hydrochloride bufTer at pH 7.8 containing 0.38 International units of bovine heart 
lactic dehydrogenase, and 1.5 International units of porcine heart diaphorase to 
give a total reaction volume of 1 ml The relative rate of production of the reduced 
form of thiazolyl blue was then determined in each of the reaction mixtures by 
measuring the total change in the optical density in each thereof at 570 nm during a 
24 mmutepenod within the first hour after the addition of the enzyme/substrate 
mixture. The entire procedure was performed in duplicate and the averaged results 
appear in Table 1. ^ 
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prepared, each having a total volume of 0.6 ml and each containing 0. 1 2 M N N bis- 
2-hydroxyethylglycine hydrochloride buffer at pH 7.8 and 250 nM NAD-biotin 
conjugate prepared as in Example 2. Six f the reaction mixtures also c ntained 
avidin in the amounts indicated in Table 2. 
5 The reaction mixtures were incubated at room temperature for from 2 to 3 

hours. Each reaction mixture was contacted with an aqueous enzyme/substrate 
mixture by the addrtwn of 0.1 ml of 1 M lithium lactate, 0.05 ml of 10 mM thiazolyl 
blue m its oxidized form, and a sufficient quantity of 0,12 M N.N bis-2- 
hydroxyethylglycine hydrochloride buffer at pH 7.8 containing 0J8 International 
10 units of bovine heart lactic dehydrogenase and 1.5 International units of porcine 
heart diaphorase to give a total reaction volume of 1 ml The relative rate of 
production of the reduced form of thiazolyl blue was then determined in each of 
toe reaction i mixtures by measuring the total change in the optical density in each 
""^eof at 570 nm during a 24 minute period within the first hour after the addition 
15 of the enzyme/substrate mixture. The ratio, expressed as percent, of the change in l s 
optical density in each reaction mixture containing avidin to that in the reaction 
mixture not containing avidin was calculated and is referred to in Table 2 and 
Figure 1 as the relative cycling rate. The results appear in Table 2 and in graphical 
form in Figure 1 of the drawmg. & * 
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TABLE 2 


reaction 
mixture 


amount of 
avidin added 
(units) 


relative 
cycling 
rate Of) 


1 


0.000 


100 


2 


0.005 


96 


3 


0.010 


93 


4 


0.045 


84 


5 


0.090 


68 


6 


0.120 


51 


- 7 


0.180 


8 



10 



It was demonstrated in this Example that the relative cycling rate of the 
cycling reaction system, and thus the activity of the NAD in the NAD-biotin 
conjugate, was an inverse function of the amount of avidin present in the specific 
binding reaction mixture. The present invention therefore provides a test 
4$ composition and method for quantitatively determining the presence of the iigand 20 
avidin in a liquid medium using a direct binding-cycling assay technique. 

EXAMPLE 7 

Competitive binding-cycling assay for biotin ; effect of varying levels of biotin 
on the cycling rate. 

The cycling reaction system used in this Example was the same as that 25 
diagrammed in Example 5. Seven specific binding reaction mixtures were 
prepared, each having a total volume of 0.45 ml and each containing 0.12 M NN- 
bis-2-hydroxyethytelycine hydrochloride buffer at pH 7.8 and 180 nM NAD-biotin 
conjugate prepared as in Example 2. Six of the reaction mixtures, i.e. nos. 1 through 
6 in Table 3 f additionally contained 0.11 units of avidin. Also, biotin, at the 30 
concentrations indicated in Table 3, was included in five of the six reaction 
mixtures containing avidin, Le. mixtures 2 through 6 in Table 3. 

The reaction mixtures were incubated at room temperature for from 2 to 3 
hours. Each reaction mixture was contacted with an aqueous enzyme/substrate 
40 mixture by the addition of 0.1 ml of 1 M lithium lactate, ohs ml of 10 mM thiazolyl 35 
blue in its oxidized form and a sufficient quantity of 0.12 M N,N bis-2- 
hydroxyethylglycine hydrochloride buffer at pH 7.8 containing 0.38 International 
units of bovine heart lactic dehydrogenase and 1.5 International units of porcine 
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heart diaphorasc to giv a total reaction volume of 1 ml. The relative rate of 
production of the reduced form of thiazolyl blue was then determined in each or 
th reacti n mixtures by measuring the total change in the optical density in each 
thereof at 570 nm during a 24 minute period within the first hour after the addition 
of the enzyme/substrate mixture. The ratio, expressed as percent, of such change in 
optical density in each reaction mixture containing biotin to that in the reaction 
mixture not containing either biotin or avidin was calculated and is referred to in 
Table 3 and Figure 2 as the relative cycling rate. The results appear in Table 3 and 
in graphical form in Figure 2 of the drawing. 



TABLE 3 




concentration 


relative 


reaction 


of biotin 


cycling 


mixture 


(nM) 


rate(%) 


1 


0 


8 


2 


80 


22 


3 


160 


35 


4 


320 


63 


5 


400 


80 


6 


800 


92 



It was demonstrated in this Example that the relative cycling rate of the 
cycling reaction system, and thus the activity of the NAD in the NAD-biotin 
conjugate, was a direct function of the amount of biotin present in the specific 
binding reaction mixture. The present invention therefore provides a test 
1 5 composition and method for quantitatively determining the presence of the ligand 1 5 
biotin in a liquid medium using a competitive bidning-cycltng assay technique. 

EXAMPLE 8 

Direct binding-cycling assay for antibody to 2,4 dinitrophenyl and derivatives 
thereof. 

20 The cycling reaction system used in this Example was the same as that 20 

described in Example 5. Eight 0.6 ml specific binding reaction mixtures were 
prepared, each containing 0.12 M N,N bis-hydroxycthylglycine hydrochloride 
buffer at pH 7.8 and respectively containing the amounts and concentrations 



bu s . w> 

indicated in Table 4 of NAD, NAD-2,4 dinitrophenyl conjugate prepared as 
25 in Example 3, antiserum to 2,4 dinitrophenyl, and nicotinamide mono- 25 
nucleotide (NMN). The' reaction mixtures were incubated at room tem- 
perature for from 3 to 4 hours. Each reaction mixture was contacted with an 
aqueous enzyme/substrate mixture by the addition of 0. 1 ml of IM lithium lactate, 
0.05 ml of 10 mM thiazolyl blue in its oxidized form, and a sufficient quantity of 0.12 
30 M N,N bis-hydroxyethyiglycinc hydrochloride buffer at pH 7.8 containing 0.38 30 
International units of bovine heart lactic dehydrogenase and 1.5 International 
units of porcine heart diaphorase to give a total reaction volume of i ml. The 
relative rate of production of the reduced form of thiazolyl blue was determined in 
each of the reaction mixtures by measuring the total change in the optical density 
35 in each thereof at 570 nm during a 24 minute period within the first hour after the 35 
addition of the enzyme/substrate mixture. The entire procedure was performed in 
duplicate and the averaged results appear in Table 4. 



The bioluminescence reaction system used in this Example was based on the 
following reactions: r 

alcohol 
(c) NAD-ligand + ethanol - 



10 



15 



20 



40 



dehydrogenase 
NADH-ligand + acetaldehyde 
.NADH 



(d) NADH-ligand + FMN* + H®- 



dchydrogenase 
NAD-ligand + FMNH 2 

luciferase 



(e) FMNH, + long-chain aldehyde + O, 



FMN + long-chain acid* H 2 0 + hp 

A Ught-generating solution fbr carrying out reactions (d) and (c) was prepared 
^J 0 ™^ Mphosphatettrat in 

F^1°S X boV T e . SCn ^ a £ Umi ?' 15 ' 7 * M flavin ^ononucIeotSe (FMN^ and 
l J*u£l S ?^ Um ^ ^mixture was stored in the dark at -20*C An 

emulsion of 5 id of dodecanal in 5 ml of water was prepared the day the Iieht- 
E??? ; SOlU S°, n 77* t0 bc "Ft Lvophilized luciferase exacted from 
Photobacterhim (enzyme available from Worthington biochemical Corp 15 

Freehold New Jersey) was added to 0.013 M phosphate buffer atph 7 3 to a 
concentraUon of 20 mgtol After 30 minutes^ the* resultkg siension wal 
centred at I500xg for 10 minutes and the pellet was discardeS. lie llS 
generating solution was then prepared within 5 minutes of use by combining 75«I of 
rotation mixture » 5 of tne dodecanal emulsion, and 20 §A of the luciferase 20 

To detect the light produced by reaction (e) a photometer was constructed 
consisting of a photodetector and a 6x50 mm cuvette mounted within a light 
integrating sphere such thatlight generated in the cuvette was reflected onto the 
25 photodetector. The electronic signal produced by the photodetector was passed to 25 
^P c Jf recorder. The peak lfent intensity, as tfce term is used herein, was 
measured from the recorder trace and-assigned arbitrary units based on the chart 
paper divisions. 

Nine specific binding reaction mixtures were prepared, each having a total 

Z 0 L U,ne i.? f ?J 2 2? d cach S? 11 ?" 1 "* M tris-fhydroxymethylHminomethane m 
hydrochloride buffer at pH 8.0, 0.01 M semlcarbazfde hydrochloride, and 30 
respectively the amounts or concentrations indicated in Table 6 of ethanoL NAD 
NAD-biotin conjugate prepared as in Example 2, biotin, and avidin. The reaction 
mixtures were incubated at room temperature for 10 minutes. Then, 0025 
35 International units of alcohol dehydrogenase was added to each reaction mixture is 
to initiate a reduction reaction. Semicarbazide combines with the acetaldehyde 
produced in reaction (c) to form a semicarbazone and thus to drive reaction (c) in 
tne desired direction. v 

The reaction mixtures were incubated at room temperature for about 30 
minutes. A 10yd volume of each reaction mixture was then injected into a separate an 
cuvette mounted m the photometer previously described and containing 100 id of 
the previously prepared light-generating solution which had been pre-incubated at 
28°C for from 2 to 3 minutes. The results appear in Table 6. prenncuoawa ™ 



♦flavin mononucleotide 
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EXAMPLE 9 

Competitive binding-cycling assay for 2,4-dinitrobenzene and derivatives 
thereof; effect of various levels of N (2,4 dinitrophenyl)-6-aminocaproate on the 
cycling rate. 

5 The cycling reaction system used in this Example was the same as that 5 

diagrammed in Example 5. Seven specific binding reaction mixtures were 

Erepared, each having a total volume of 0.6 ml and each containing 0.12 M N,N bis- 
ydroxyethylglycine hydrochloride buffer at pH 7.8, 300 nM NAD-dinitrophenyl 
conjugate prepared as in Example 3, and 50 uM nicotinamide mononucleotide. Six 
10 of the seven reaction mixtures, i.e. nos. I through 6 in Table 5, also contained an io 
amount of antibody to 2,4 dinitrophenyl sufficient to inhibit the cycling rate of the 
other reaction mixture by 85 percent N (2,4 dinitrophenyl )-6-aminocaproate, a 
derivative of 2,4 dinitrobenzene prepared by the method described in Biochem. J. 
42:287(1948), was also Included in five of the six antibody-containing reaction 
15 mixtures, i.e. nos 2 through 6 in Table 5, at the concentrations indicated in said 15 
Table. 

The reaction mixtures were incubated at room temperature for about 4 hours. 
Each reaction mixture was contacted with an aqueous enzyme/substrate mixture by 
the addition of 0. 1 ml oft M lithium lactate, 0.05 ml of 10 mM thiazolyl blue in its 

20 oxidized form, and a sufficient quantity of 0.12 M N,N bis-hydroxyethylgTycine 20 
hydrochloride buffer at pH 7.8 containing 0,38 International units of bovine heart 
lactic dehydrogenase and 1.5 International units of porcine heart diaphorase to 
give a total reaction volume of 1 ml. The relative rate of production of the reduced 
form of thiazolyl blue was determined in each of the reaction mixtures by 

25 measuring the total change in the optical density in each thereof at 570 nm during a 25 
24 minute period within the first hour after the addition of the enzyme/substrate 
mixture. The ratio, expressed as percent, of such change in optical density in each 
reaction mixture containing N (2,4 dinitrophenyl)-£aminocaproate to that in 
the reaction mixture containing neither N (2,4 dinitrophenyl)-6-aminocaproate 

30 nor antibody to 2,4 dinitrophenyl was calculated and is referred to in Table 5 and 30 
Figure 3 as the relative cycling rate. The results appear in Table 5 and in graphical 
form in Figure 3 of the drawing. 



TABLES 




concentration of 


relative 


reaction 


N (2,4 dinitrophenyl) 


relative 


mixture 


-6-aminocaproate (nM) 


rate(%) 


1 


0 


16 


2 


17 


19 


3 


42 


30 


4 


83 


35 


5 


166 


41 


6 


415 


76 



It was thus demonstrated in this Example that the relative cycling rate of the 
35 cycling reaction system, and thus the activity of the NAD in the NAD- 35 
dinitrophenyl conjugate, was a direct function of the amount of N (2,4 
dinitrophenyl)-6-aminocaproate present in the specific binding reaction mixture. 
Tlie present invention therefore provides a test composition and method for 
quantitatively determining the presence of the ligand N (2,4 dinitrophenyl)-6- 
40 aminocaproate in a liquid medium using a competitive binding-cycling assay 40 
technique. 

EXAMPLE 10 

Direct bmdin^-bioluminescence assay for avidin; effect of presence of biotin 
on the peak light intensity produced. 
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that diagrammed in Example 10. Seven specific binding reaction mixtures were 
prepared, each having a total volume of 0.2 ml and each containing 0.1 M tris- 
^ydroxymethyI>amm methane hydrochloride buffer at pH 8.0, 0.6 M ethanol 
0,01 M semicarbazide hydrochloride, 343 nM NAD-biotin conjugate prepared as in 
3 Example 2, 0.025 International units of alcohol dehydrogenase, and 0 055 units of 5 
avidin. Biotin was added to six of the seven reaction mixtures, U. nos. 2 through 7 
in Table 7, m the concentrations indicated in said Table. The order and manner of 
addition was the same as in Example 10. 

10 . ^ rcact5on niixtures were incubated at room temperature for about 30 

minutes. A 10 p\ volume of each reaction mixture was injected into a separate 10 
cuvette mounted m the photometer described in Example 10 and containing 100 u\ 
of a light-yielding solution prepared in the manner described in Example 10 and 
pre-mcubated at 28 e C for from 2 to 3 minutes. The entire procedure was run in 
duplicate, and the averaged results appear in Table 7 and in graphical form in 

10 Figure 4 of the drawing. l5 
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TABLE 7 


reaction 


concentration of 


average 
peak light 


mixture 


• biotin (nM) 


intensity 


1 


0 


36 


2 


25 


44 


3 


50 


57 


4 


100 


79 


5 


150 


90 


6 


200 


97 


7 


300 


104 



It was thus demonstrated in this Example that the magnitude of the peak light 
!E tc x? A^° d u ce l %i*l e . Woluminescence reaction syst&m, and thus the activity of 
2D L- - m • N AD-bioUn conjugate, was a direct function of the amount of 20 
biotin present in the specific binding reaction mixture. The present invention 
therefore provides a test composition and method for quantitatively determining 
the presence of the hgand biotin in a liquid medium using a competitive bindine- 
bioluminescence assay technique. . B 

. . L EXAMPLE 12 

25 Competitive binding-bioluminescence assay for 2,4 dinitrobenzene and m 

derivatives thereof; effect of various levels of N (2,4 dinitrophenyl)-6-amino- 
caproate on the peak light intensity produced. 

The bioluminescence reaction system used in this Example was the same as 
that diagrammed in Example 10. Seven specific binding reaction mixtures were 
prepared, each having a total volume of 0.1 ml and each containing 0.1 M tris- 30 
(hydroxymethyl)-aminomethane hydrochloride buffer at pH 8 0 0 01 M 
semicarbazide hydrochloride, 0,6 M ethanol, 35 //M nicotinamide mononucleotide, 
and 367 nM NAD-dinitrophenyl conjugate prepared as in Example 3. N (2 4 
dinitrophenyl)-6-aminocaproate was added to six of the seven reaction mixtures 
«» i.e. nos. 2 through 7 m Table 8, at the concentrations indicated in said Table* and to 35 
each of said six reaction mixtures was also added an amount of antibody to 2 4 
dimtrophenyl sufficient to reduce the peak light intensity produced to 39% of that 
produced in the absence of N (2,4 dinitrophenyl)-6-aminocaproate and antibody to 
2,4 dimtrophenyl. * 
40 a ™7? e reaction mixtur es were incubated at room temperature for 3 hours Then 40 
0.025 International units of alcohol dehydrogenase was added to each reaction 
mixture to initiate a reduction reaction. The reaction mixtures were then incubated 
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at room temperature for about 30 minutes. A 10 id volume of each reaction mixture 
was injected into a separate cuvette mounted in "the photometer described in 
Example 10 and containing 100 fi\ of a light-generating solution prepared in the 
manner described in Example 10 and pre-incubated at 28° C for from 2 to 3 
minutes. The entire procedure was run in duplicate, and the averaged results 
appear in Table 8 and in graphical form in Figure 5 of the drawing. 



TABLE 8 


reaction 
mixture 


concentration of 
N (2,4 dinitrophenyl-6- 
aminocaproate /iM) 


average peak 
light intensity 


1 


0.00 


(4 


2 


0.125 


17 


3 


0.25 


20 


4 


0.50 


22 


5 


0.75 


24 


6 


1.00 


27 


7 


1,50 


28 



It was thus demonstrated in this Example that the magnitude of the peak light 
intensity produced by the bioluminescence reaction system, and thus the activity of 

10 the NAD in the NAD-2,4 dinitrophenyl conjugate, was a direct function of the 10 
amount of N (2,4 dinitrophenyl)-4-aminocaproate present in the specific binding 
reaction. The present invention therefore provides a test composition and method 
for quantitatively determining the presence of the ligand N (2,4 dinitrophenyl)-6- 
aminocaproate in a liquid medium using a competitive binding-bioluminescence 

15 assay technique. 15 

EXAMPLE 13 

Specific binding assays for biotin and avidin employing an enzyme substrate as 
labeling substance. 

The specific binding assay system used in this Example was based on the 
20 following reaction: 20 

X ' 

DM W 

Yn — "*" cl n t i ., ..„,„ 



XXf 



ombelliferone-biottn conjugate 
(■axinim fluorescence at 578 na) (maxima floor* scene t at 44 B n») 

Ten specific binding reaction mixtures were prepared, each having a total 
volume of 0.3 ml and each containing 0.1 M tris-(hydroxymethyl)-aminomcthane 
hydrochloride buffer at pH 8.0 and the respective amounts or concentrations of 

25 umbelliferone-biotin conjugate prepared as in Example 4, biotin, and avidin 25 
indicated in Table 9. The reaction mixtures were incubated at room temperature 
for from 1 to 3 minutes. Reaction mixtures nos. 2 through 10 in Table 9 each also 
contained 0.26 International units of bovine liver carboxylate hydrolase (esterase). 
The relative reaction rate in each of the reaction mixtures was then determined by 

30 monitoring the fluorescence produced by each thereof at 448 nm with a Model 111 30 
Turner fluorometer (available from G, K. Turner Assoc., 2524 Pulgas Street, Palo 
Alto, California) set for excitation at 364 nm. The electronic signal produced by the 
fluorometer was passed to a strip chart recorder, and the amount of fluorescence 
produced per minute was measured from the recorder trace and assigned arbitrary 
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volume f 2.0 ml The background rate of hydrolysis of the ester linkage in the 
c njugate was determined for three minutes for each reaction mixture by 
determining the rate of increase of fluorescence intensity at 510 nm using the 
general technique described in Example 13 with the fluorometer set for 

5 excitation at 470 1 nm. A 10 /i\ volume of 0.1 M bis-hydroxyethylglycine 5 
hydrochloride buffer at pH 7.0 containing 0.54 units of Type I esterase 
(E.C. No. 3.1.1.1, obtained from^ Sigma Chemical. Co., St Louis, Missouri) 
was then added to each reaction mixture. The resulting overall reaction rate was 
measured in the same manner as the background hydrolysis rate. The results 

10 appear in Table 10. The background hydrolysis rate was substrated from the overall 10 
reaction rate to obtain the net reaction rate attributable to the esterase-catalyzed 
reaction. The relationships between both the net enzyme-catalyzed reaction rate 
and the background alkaline hydrolysis reaction rate and the amount of antiserum 
present in the reaction mature is shown in graphical form in Figure 6 of the 

15 drawing. 



TABLE 10 



reaction 
mixture 


amount of 
antiserum 
W 


background 
hydrolysis 
rate 


overall 
reaction 
rate 


1 


0 


0.02 


2.68 


2 


5 


0.07 


2.48 


3 ■ 


10 


0.11 


1.91 


4 


20 


0.17 


1.08 


5 


30 


0.21 


0.63 


6 


40 


0.22 


0.45 


7 


60 


0.26 


0.30 



It was demonstrated in this part of the Example that the net reaction rate of 
the hydrolysis reaction was an inverse function or the amount of antibody to the 
on j!P n 4« ^dinitrophenyl, present in the specific binding reaction mixture. It was 
^ likewise demonstrated that the reaction rate of the background hydrolysis reaction 
was a direct function of the amount of antibody present in the specific binding 
reaction mixture. The present invention therefore provides a test composition and 
method for determining the presence of the ligand antibody to 2,4-dinftrophenyl in 
a liquid medium using a direct binding-fluorescent assay technique. 

25 B. 
effect 



15 



20 



25 



B. Competitive binding : fluorescent assay for derivatives of 2,4-dinitrophenyl; 

jt of various levels of 2,4-dimtrophenyl-0-alanine oh the reaction rate. 

Ten specific binding reaction matures were prepared, each having a total 
volume of 2.0 ml and each containingO.l M bis-hydroxyethylglycine hydrochloride 
buffer at pH 7.0 and 2,4-dinitrophenvl-£-alanuie ( prepared according to the method 
30 described in /, Amer. Oiem. Soc. 75:1328(1954), at the concentrations indicated in in 
Table 11. To nine of the ten reaction mixtures, Le. nos. 2 through 10 in Table 11, 
was added an amount of antiserum to 2,4-dinitrophenyl sufficient to inhibit the rate 
of the esterase-catalyzed reaction in the other mixture, i.e. no. 1, by 60 percent. 
After mixing, 20 ^1 of 1 /iM 2,4-dinitrophenyI-fluorescein conjugate (prepared as in 
35 Example 14) in dimethylsulfoxide was added to each reaction mixture. A 10 id 35 
volume of 0. 1 M bis-hydroxycthy Iglycine hydrochloride buffer at pH 7-0 containing 
0.54 units of Type I esterase (EC. No. 3.1.1.1, obtained from Sigma Chemical Co., 
St. Louis, Missouri) was then added to each reaction mixture, The resulting 
reaction rate was measured as in Part A of this Example. The percentage value of 
40 the rate of reactions nos. 2 through 10 to that of reaction no. 1 (no antibody an 
present) was calculated. The results appear in Table 11 and in graphical form in 
Figure 7 of the drawing. 




2 , 4 * din it rophony I - fluoTM co In con {u Bate 
0° 



H 2 U, pH 7.0 * A * other product* 




(■■ninun fluorescent* at 510 n») 



A. Direct binding-fluorescent assay for antibody to 2,4-dinitrophenyl; effect of 
various levels of antibody on the reaction rate. 
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determining the presence of the Uganda biotin and avidin in a liquid medtum using a 
specific binding assay technique employing an enzyme substrate as the labeling 
substance. 

EXAMPLE 14 

5 Preparation of 2,4-dinitrophenyl-fluorescein conjugate. < 

Fluorescein-3' [6-(2,4-dinitroanilino)hexanoate]. 

The synthesis basically involved the reaction of the acid chloride of 6-(2,4- 
dinitroanilino^hexanoic acid with the disodium salt of fluorescein. 6-<2,4- 
^ a^^aMino^hexanoic acid was prepared by the method described in Btochemlj. 

A solution of 1-5 g (5 mmol) of 6-(Z4*dinitroaniIino) hexanoic acid was converted 
to the acid chloride by reaction with 10 ml of warm thionyl chloride for 15 min 
followed by cooling and dilution with 20 mi of hexane. The solid acid chloride 
which formed was collected by filtration and after thorough drying was added to 

15 600 mg of the disodium salt of fluorescein in 10 ml of dry acetone. After 5 hr at 15 
reflux, the reaction was quenched by the addition of 2 ml water and 5 ml acetone. 
After 30 min at 25°C, the mixture was concentrated to dryness and the residue 
partitioned between ethyl acetate and aqueous sodium bicarbonate solution. The 
organic phase was separated and washed with 1% aqueous sulfuric acid, dried over 

20 anhydrous magnesium sulfate and evaporated. The red oil was chromatographed 
on 60 g of silica gel 60, available from E. Merck, Darmstadt, Germany, with 20% 
(v/v) acetone in carbon tetrachloride as eluant. The 1 .2 g of impure bis-ester was 
rechromatographed on 60 g of silica gel using 10% (v/v) acetone in carbon 
tetrachloride. Appropriate fractions were combined and evaporated to yield 180 

25 mg of a yellow, glassy solid. 25 
Calculated for C 44 H 3t N i 0 1B :C»59.33; H.4.30; N.9.43 Found: C,60.92; H.4.35; 
N.6.65. 

The infrared spectrum displayed the expected ester carbonyl stretching 
absorption at 1765 cm -1 . 

30 EXAMPLE 15 30 

Specific binding assays for derivatives of 2,4-dinitrophenyl and antibody 
thereto employing an enzyme substrate (modified fluorescein) as labeling 
substance. 

The specific binding assay systems used in this Example was based on the 
35 reaction shown in Diagram 1. 35 



20 



40 reaction mixture, 20 ul of 1 ^*M 2,4-dinitrophenyl-fhiorescein conjugate (prepared 40 
according to Example 14) in dimethylsuifoxide was combined with a volume of 
antiserum to 2,4-dinitrophenyl as indicated in Table 10 and with a sufficient volume 
of 0.1 M bis-hydroxyethylglycine hydrochloride buffer at pH 7.0 to make a total 



TABLE 12 


reaction 
mixture 


concentration f 
2,4-dinitrophenyl 
•^-alanine (pM) 


rate of change 
of absorbance 


1 


0 


0.0261 


2 


0 


0.0047 


3 


1.25 


0.0118 


4 


15 


0.0131 


5 


5.0 


0.0185 


6 


7.5 


0.0202 


7 


10.0 


0.0192 


8 


12.5 


0.0223 



^ was ^nwnstrated in this part of the Example that the reaction rate was a 
direct function of the amount of 2,4^initrophenyl-p.alanine in the Treason 
5 T - h • pr l Sent inve ^°? therefore provides a test coinposiUon *nd ^nTethod 

5 for determining the presence of hgands such as derivatives of M-dTnibop hen vl hi a 
hquid medium using a competitive binding-spectrophotometiicIS 

D. Competitive binding-fluorescent assay for derivatives of 2,4-dinitrophenyl- 
use of non-enzymatic monitoring reaction. «««u|uiwvi, 

10 _. The specific binding assay system used in this part was the same as shown in 

h^a^in t^coiy^gate 0 eSteraSe WBS used to toe hydrolysis of the ester 

Eight specific binding reaction mixtures were prepared, each having a total 

hydrochloride buffer at pH 7.5 and 2,4-dinitrophenyl-B^lanine at the 
15 concentrations mdipated m fable 13. To each reaction mixture was added 50 alof 
antiserum to 2 : 4^m*ropheny1 After mixing, 20 i*i of 2 jiM 2,4-diniKenyl- 
fluorescein conjugate (prepared as in Example 14) m dimetnylsulfoxide waSaddid 
I? 5? J eactlon I 3^ turc a ? d the resulting reaction rate was measured as in Part A 
of this Example. The results appear in Table 13. Wft 



TABLE 13 


reaction 
mixture 


concentration of 
2,4-dinitrophenyl 
-^alanine (nM) 


reaction 
rate 


1 


0 


0.96 


2 


12.5 


0.94 


3 


312 


0.84 


4 


62.5 


0.78 


5 


94.0 


0.70 


6 


125 


0.59 


7 


187 


0.57 


8 


250 


0.53 



10 



15 
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TABLE II 



reaction 
mixture 


concentration of 
2,4-dinitrophenyl 
-/I- alanine (nM) 


reaction 
rate 


percent of 
rate of reaction 
no. 1 


1 


0 


2.78 


— 


2 


0 


1.04 


37 


3 


5 


1.01 


36 


A 
*r 


i\i 


1.U4 


37 


5 


20 


1.24 


45 


6 


30 


1.51 


54 


7 


50 


1.54 


56 


8 


75 


1.80 


65 


9 


100 


1.85 


67 


10 


150 


2.33 


84 



It was demonstrated in this part of the Example that the reaction rate of the 
hydrolysis reaction was a direct function of the amount of 2,4-dinitrophenyl-/3- 
alanine in the reaction mixture. The present invention therefore provides a test 
5 composition and method for determining the presence of Iigands such as 5 
derivatives of 2,4-dinitrophenyl in a liquid medium using a competitive binding- 
flourescent assay technique. 

C. Competitive binding-spectrophotometric assay for derivatives of 2,4- 
dinitrophenyl; effect of various levels of 2,4-dinitrophenyl-0- alanine on the 

10 reaction rate._ . - 10 

Eight specific binding reaction mixtures were prepared, each having a total 
volume of 1 .0 ml and each containing 0.1 M tris-<hydroxymethyl)-aminoraethane 
hydrochloride buffer at pH 7.0 and 2 1 4-dinitrophenyl-0-alanine at the 
concentrations indicated in Table 12. To seven of the eight reaction mixtures, i.e. 

15 nos 2 through 8 in Table 12, was added an amount of antiserum to 2,4-dinitrophenyl 1 5 
sufficient to inhibit the rate of the esterase-catalyzed reaction in the other mixture, 
i.c. no. 1, by 82 percent. After mixing, 10 /ul of 0.1 mM 2,4-dinitrophenyl- 
fluorescein conjugate (prepared as in Example 14) in dime thy Sulfoxide was added 
to each reaction mixture. A 20 fi\ volume of 0.1 M trisHjrydroxymethyl)- 

20 arainomethane hydrochloride buffer at pH 7.0 containing 2.16 International units 20 
of Type I esterase (E.C. No. 3.1.1.1, obtained from Sigma Chemical Co., St. Louis,' 
Missouri) was then added to each reaction mixture. The change in absorbance of 
each reaction mixture at 489 nm per minute was recorded with a Gilford 2000 
spectrophotometer. The results appear in Tabic 12 and in graphical form in Figure 

25 8 of the drawing. 25 
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It was demonstrated in this part of the Example that the background hydrolysis 
rate, in the absence of esterase, was an inverse function of the amount of 2,4- 
dinitrophenyl-£-alanine in the reaction mixture. The present invention therefore 
provides a test composition and method for determining the presence of ligands 
5 such as derivatives of 2,4-dinitrophenyl in a liquid medium using a competitive i 
binding-fluorescent technique wherein the binding partner* upon becoming bound 
to the ligand in the conjugate, participates in the monitoring reaction. 



EXAMPLE 16 
Preparation of cortisol-umbelliferone conjugate. 
10 Cortisol-21-hemisuccinate-umbelliferone. 



10 



A. Cortisol-21-hemisuccinate. 

Succinic anhydride (0.5 g) was added to a solution of 0.5 g Cortisol in 1 0 ml dry 
pyridine and stirred overnight at room temperature. Water (100 ml) was added and 
the mixture extracted with 100 ml ethyl acetate. The organic phase was washed 
15 once with water and extracted with 100 ml saturated sodium bicarbonate solution. 15 
The aqueous phase was separated and acidified to pH 4 with 10% hydrochloric 
acid. The precipitate which formed was collected by filtration, dried, and 
recrystaliized from a hexane-acetone mixture to yield the desired intermediate 
(meeting poinfc=171-2°C). 

20 B. Cortisol-umbelliferone conjugate. 20 

Carbodiiirride (50 mg) was added to a solution of 100 rag of the intermediate 
from Part A of this Example in 3 ml dry dimethviformamide and stirred for 30 
minutes. A solution of 50 mg 7-hydroxycoumarin in 2 ml dimethylformamidc was 
added and the reaction mixture was stirred overnight at room temperature. The 

25 precipitate which formed was filtered and discarded. Water was added to the 25 
nitrate and the mixture was extracted with ethyl acetate. The organic phase was 
washed once with water, separated, dried with anhydrous sodium sulfate, filtered, 
and evaporated to dryness under vacuum. The residue was crystallized from an 
acetone-hexane mixture yielding the desired conjugate (melting point=126°C). 

30 ... EXAMPLE 17 30 

Specific binding assay for Cortisol employing an enzyme substrate (modified 

umbelliferonc) as labeling substance. 

The specific binding assay system used in this Example was based on the 

following reaction: 

esterase 

35 cortisol-umbelliferone tumbelliferone conjugate 35 

HjO.pH 8.5 

Eight specific binding reaction mixtures were prepared, each having a total 
volume of 2 ml and each containing 0.1 m bis-hydroxyethylriycine hydrochloride 
buffer at pH 8.5 and Cortisol at the concentrations indicated in Table 14. To seven 
of the eight reaction mixtures, i.e. nos. 2 through 8 in Table 14, was added an 

40 amount of antiserum to Cortisol sufficient to inhibit the rate of the esterase- 40 
catalyzed reaction in the other reaction mixture, i.e. no. t, by 70 percent After 
mixing, 20 /il of cortisol-umbelliferone conjugate (prepared as in Example 16) 
in 0.1 M bis-hydroxyethylglycine hydrochloride buffer at pH 8.5 was added to each 
reaction mixture. After mixing again, 15 fd of porcine esterase (0.81 units/ml) were 

45 added to each- reaction mixture. The resulting reaction rate was measured in each 45 
reaction mixture in a manner similar to that described in Example 13. The results 
appear in Table 14. 
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TABLE 14 



reaction 

uuAiurc 


concentration of 
com soi (iuvlj 


reaction 
rate 






1 


0 


0.0838 


< 




2 


0 


0.0256 


t 




3 


15 


0.0296 




h 


4 


10 


0.0306 


t 


'■!.> 




20 


; 0.0381 






6 


30 


0.0408 






7 


50 


0.0654 








100 


0.0603 







It was demonstrated m this Example that the reaction rate was a direct : » " 

function of the amount of Cortisol in the reaction mixture. The present invention 
theiefote^provi.des a ^.composition and method for determining the presence of - 
tec^n^ue* * medmm usin £ a competitive otodirig-fmorescent assay 5 

^ EXAMPLE 18 

Reparation of 2,4-dinitrophenyl.ATP conjugate (6-position derivative). * ~ 

N»-[2 ( 4-dimtrophenyl)aminoethyl] adenosine-5'-triphosphate. 

10 A. N e -(2-aminoethyl) adenosine-5'-monophosphate. in ~ 

Two g Q mmol) 6-chloropurine riboside (available from Sigma Chemical Co* 
St. Louis, Missouri) was stirred with 17 ml triethvlphosphate and was reacted with 
Pft*R h< ?ff cWonde in the presence of water as described in Chem. Scrip. 79:165-70 
(1972). After hydrolysis of the phosphodichloridate, 9.5 ml ethyl eneommine (140 

w mmol) was added and allowed to react at room temperature for 3 hr. The reaction 15 
mixture wasdiluted to 4 liters with water and adjusted to pH 12 with sodium 
hydroxide. This solution was passed through a 5x30 cm column of Dowex 1x8 
(available from Bio-Rad Laboratories, Richmond, California) in the acetate form. 
Then the column was washed with 3 liters 0.01 M ammonium chloride and the 

& chromatogram was developed with a linear gradient generated with 3 liters wafer 
and 3 liters il M acetic acid. An isolated peak of uv absorbing material eluted 
between 1800 ml and 2050 ml of the gradient was concentrated to about 25 ml 
under vacuum. While this solution stood at 7°C overnight, white crystals formed 
and these were collected and dried to give 65 per cent yield of the product. A 
s^ple ww recmtallized from hot water for analysis,. Calculated for C, 25 
H„N 9 0 7 P.2H,Q: C.33.8; H 5.45; N.19.7. Found: CmA$J2; N.19.7. Separate ™ 
thin-layer chromatograms developed with two solvent systems, the first consisting 
of 4 parts 0.5 M ammonium acetate to 1 part ethanol and the second consisting of 3 . 
parts isobutync acid to 5 parts 1 M ammonium hydroxide, each showed one 
compartment which quenched fluorescence and reacted with ninhydrin. The ' 
compound in 0.1 N hydrochloric acid had an absorption maximum at 264 nm and 
the miUimoIar extinction coefficient was 17.7 which spectral properties are 
characteristic of N 8 -alkylated adenosine derivatives. 

5* N B -[2-(2 1 4-dinitrophenyI)aminoethyl] adenosine-5'-monophosphate. 
35 Two hundred fifty mg N»-(2-aminoethyl)adenosine-5'-monophosphate (0.65 35 

mmol) from Part A of this Example was dissolved in 20 ml water at pH 8. Then 188 
mg sodium bicarbonate was added, followed by 0.2 ml l-fluoro-2,4-dinitrobenzene 
(1.58 mmol dissolved in 2 ml ethanol). The reaction mixture was stirred in the dark 
at room temperature for 4 hr and then an additional 0.1 ml l-fluoro-2,4- 
dinitrobenzene in 1 ml ethanol was added After the reaction mixture had stirred 



20 

£ 

'■It 

30 :t 



40 



40 
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overnight, it was adjusted to pH 2.0 with hydrochloric acid and was poured into 200 
ml ethanoi. The precipitate which formed was dissolved in 200 ml water and this 
solution was adjusted to pH 8.0 with sodium hydroxide and chromatographed on a 
2.5x30 cm column f DEAE-celluiosc in the bicarbonate form (available from 

5 Reeve Angel, Clifton, New Jersey). The chromatogram was developed with a linear 5 
gradient generated with 1.5 liters water and 1.5 liters 0.7 M ammonium 
bicarbonate. A major peak of yellow material which absorbed uv light was eiuted 
between 1200 and 1500 ml of the gradient. Ammonium bicarbonate was removed 
by repeated evaporation to dryness to give 40 percent yield of the desired product. 

10 this product migrated as one yellow spot on thin-layer chromatograms developed 10 
with the same two solvents mentioned in Fart A of this Example and on 
epichlorohydrintriethanolamine anion-exchange paper developed with 0.25 M 
sodium acetate-acetic acid buffer, pH 5.0. In 0.02 N hydrochloric acid the product 
had optical absorption maxima of 264 nm and 363 nm with miilimolar extinction 

15 coefficients of 21.8 and 14.2, respectively. 15 

C. 2,4-dinitrophenvl-ATP conjugate. 

N s -[2-(2,4-dimtropnenyl)aminoethyll adenosine-5'- monophosphate (from Part 
B of this Example) (0.3 mmole) was converted to the pyndinium salt by 
chromatography on a 1.5x20 cm column of Dowex 50x2 in the jjyridinium form 

20 (available from Bio-Rad Laboratories, Richmond, California). The yellow effluent 20 
was concentrated to dryness and 15 ml dimethylformamide and 0.3 mmol tri-n- 
butylamine were added. This mixture was evaporated to dryness and the residue 
was dried further by repeated evaporation. The monophosphate intermediate was 
then converted to the triphosphate form using the method disclosed in /> Amer. 

25 Chem Soc 57:1785-8(1965). The reaction products which were soluble in 25 
dimethylformamide were added to 2 50 ml water which was then adjusted to pH 8.0. 
This solution was passed into a 15x58 cm column of DEAE-cellulose in the 
bicarbonate form and the chromatogram was developed with a linear gradient 
generated with 3 liters water and 3 liters 0.5 M ammonium carbonate. The first 

30 eiuted peak of yellow material was identified as the diphosphate derivative. A 30 
second peak of yellow material, which eiuted between 4.15 and 4.4 liters of the 
gradient, was evaporated to dryness to give 20 percent yield of the desired 
conjugate which, by analysis, was found to contain 3.0 residues of phosphate per 
ribose residue. 

35 EXAMPLE 19 35 

Preparation of 2,4-dinitrophenyl-ATP conjugate (8-position derivtive). 
8-[2^2,4^nitrophenyl)aminoethyl]aminoadenosi ne-5 '-triphosphate . 

A. 8<2-aminoeth^i)aminoadenosine-5'-monophosphate. 

A reaction mixture consisting of 2.2 mmol 8-bromoadenosine»5'- 

40 monophosphate, prepared according to the method described in Ardu Biochenu 40 
Btophys. 765:561-9(1974), 66 mol ethylenediamine and 25 ml water was heated in an 
oil oath at 140° for 2 hr. The cooled mixture was adjusted to pH 1 1.5 with sodium 
hydroxide and passed into a 2.5x55 cm column of Dowex 1x8 (200—400 mesh, 
bicarbonate form). The column was washed with 300 ml water and then with a 

45 linear gradient generated with 3 liters water and 3 liters 0.5 M ammonium 45 
bicarbonate. The absorbence of the effluent at 254 nm was monitored and a major 
peak of absorbing material eiuted between 4.6 and 5.8 liters of the gradient. 

Ammonium bicarbonate was removed by repeated evaporation (five times, 20 
to 30 ml water each time) to dryness under vacuum and the final residue was 

50 dissolved in 20 ml water by addition of ammonium hydroxide to pH 8.0. The 50 
solution was filtered, adjusted to pH 5.0 with formic acid and allowed to stand at 
5°C for one day. Crystals which formed were collected, dissolved at pH 8.0 and 
recrystallised at pH 5.0, The yield of the desired intermediate was 27 percent. On 
examination by thin layer chromatography in a solvent consisting of 4 parts 0.5 m 

55 ammonium acetate to 1 part ethanoi, the product migrated as one ninhydrin 55 

S ositive spot which quenched fluorescence. The optical absorption maximum in 
.02 N hydrochloric acid was 275 nm and the miilimolar extinction coefficient was 
17.5, which spectral properties are characteristic of alkylated 8-aminoadenosine 
derivatives. Calculated for ^H^O^Hfi: Q34.0; H.5.33; N.23.2. Found: 
60 C,34.1; H,5.28: N.23.9. 60 
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this 

de 

1 1-fluoro- 



5 ^jutrobenzene (LSI ^SS^2M »rS5^^ffi 
for 18 hr at room temperature and then 0.1 ml l4Ljmoi2A^MS^SlS 

t^ul rS*?W A S er ^ 8tir !S g fo I m ad ^ onal 4 mixtu?e^ adjusted 

to pH 2.0 with hydrochloric acid and poured into 200 ml cold acetone f-10°a The 
yellow precipUate which formed was collected by fdtration, dissolved in 200 ml 
^ F ^ d p r cd l nt ° a 2 - 5x 45 cm column of DE^eUulose™ l 0 
form. The chromatoeram was developed with ajinear salt gradient generated with 
2 liters water and 2 liters 0.7 M ammonium carbonate. A peak of yellow material 
with an absorption maximum at 275 nm eluted between 2 and 3 liters of the 
t s Eli" Amm0I T2. bicarbonate was removed from this material by evaporation 
15 under vacuum and the yield of the desired intermediate was 37 percem. Optical 15 
absorphon maxima measured in 0.02 NJrydrochloric acid occurred at 275 and 363 
run and the mflhmoiar extmction coefficients were 21.8 and 15.5, resoectiveiv 
Further analyses showed 1.07 phosphate residue per ribose residue respectlVeIy ' 

C. 2,4-dinitrophenyl-ATP conjugate. 

The monophosphate intermediate (0.5 mmol) was converted to the tri-n- 20 
butylammomum salt by addition of 0.8 mmol tri-n-butylamine. The mixture was 
, 3L L rc ?F at f d eva P°ration from dry dimethylformamide (four times, 10—15 ml 
each). The final residue, dissolved in 1 ml dimethylformamide, was mixed with 2 0 
mmol carbonyldnmidazole also in I ml dimethylformamide and was allowed to 
react at room temperature for 4 hr. The excess carbonyldiimidazole was destroyed 25 
by reaction with 15 fd methanol for 30 min. Finally. 3 mmol tri-n-butylammomum 
pyrophosphate in 4 ml dimethylformamide was added and allowed to react for 20 
nr. The solid residue which formed was separated by centrifugation and washed 
^j^ii ™ P ortons # oimethylformamide. The combined supernatants were 
added to 200 ml water which was then adjusted to pH 8 and chromatographed on a 30 
2.5x25 cm column of DEAE-cellulose in the bicarbonate form. The chromatogram 
was developed with a linear gradient generated with 2 liters water and 2 liters 0 5 M 
ammonium bicarbonate. A peak of yellow material with an optical absorption 
maxima at 275 and 363 nm was eluted between Z0 and 2.9 liters of the tfadient 
1 P""™™]™ bicarbonate was removed by evaporation to give a 22 percent yield 35 
of the desired conjugate. Results of analyses indicated that t£is product contained 
3.2 residues of phosphate per residue of ribose. 



40 



EXAMPLE 20 

40 derivaU ? ve) raU ° n ° f i4 " dmitro P hen y 1 - ATP conjugate (terminal phosphate 
PM2-IN<2 l 4-dinitrophenyl)aminolethyi}P*^5'.adenosine) tetraphosphate. 

A. 2-tN-(2,4-dinitrophenyl)aminolethylphosphate. 

A solution containing 20 mmol ethanolamine phosphate, 0.4 mol sodium 
bicarbonate and 0.2 g benzyltnethyiammonium chloride in 20 ml water was stirred 
while 20 mmol 1 -fluoro-2, 4-dimtrobenzene was added dropwise. The resulting two- 4S 

mi3 ? ure was stu J5* rt t 00 ™ temperature for 3 days. Then 600 ml ethanol was 
added and a yellow solid formed at 0°C overaight. The solid was dissolved in 50 ml 
water and the solution was adjusted to pH 1.5 with 3 N hydrochloric .acid. The 
precipitate which formed was collected by filtration and triturated at 0° with 200 ml 
anhydrous ethanol The solid residue was dried in a vacuum at room temperature so 

^inl fim °I * e "° W ?? dttct (65 per ?f nt of theoretical). This material melted at 
200—202 and migrated as one yellow spot on thin4ayer chromatograms 
developed with a sol vent consisting of 7 parts ethanol to 3. parts triethylammonium 
bicarbonate (pH 7.5). The optical absorption spectrum measured in 0.02 N 
55 hydrochloric acid had maxima at 359 and 264 nm and the millimolar extinction 55 
coefficients were 17.0 and 9.2, respectively. The neutralization equivalent was 325 
~ h « h vr £ «£ e ~ val lf e caicuI atcd for the monohydrate. Calculated for 
CJIuNAHi.0: Q29.55; H.3.72; N.12.92. Found: Q29J8; H.2.94; N/lIsi 

B. 2,4-dinitrophenyl-ATP conjugate. 

a- u 1116 ! I?*^*™? P«PW«i in Part A of this Example was reacted with 60 
diphenylphosphorochloridate by the method described in Eur. J. Bioehem 25*492- 
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A light generating soluti n was prepared" containing 10 mm 
morohohnopropane sulfonate buffer at pH 7.4, 10 mM magnesium sulfate. 0.7 mM 
lucrfenn and 0.15% (w/v) bovine serum albumin. 

Nine specific binding reaction mixtures were prepared, each having a total 
5 volume of 10 /xl and each containing 20 mm tris^ydroxymethyl>aininomethane 5 
hydrochloride buffer at ph 7.4, 10 mM ethylenediaminetetraacetic acid, 45 mM 
2,4-dimtrophenyl-ATP conjugate (terminal phosphate derivative, prepared 
according to Example 20], and antiserum to 2,4-olnitrophenyi in the amounts 
indicated in Table 15. After incubation at 25°C for 1.5 hour, duplicate 10 u\ £ 

10 akquots of each reaction mixture were assayed by injection Into a 0.1 ml volume of in 
the above-described light generating solution previously incubated at 25°C for at 
least 2 minutes and contained in a test tube mounted in a Dupont Model 760 
Bioluminescence Photometer (E.L duPont de Nemours, Wilmington, Delaware). 
The peak light intensity was read from the photometer. The average peak light 

15 intensity for each reaction mixture was calculated as welTas the relative intensity 15 
(1 00% times the ratio of average peak intensity for the sample to that in the absence 
of antiserum). The results appear in Table 15 and in graphical form in Figure 9 of 
the drawing. 



TABLE 15 



reaction 
mixture 


antiserum 
to 2,4-dinitrophenyl 
W> 


average 
peak light 
intensity 


relative 
intensity 
(percent) 


1 


0 


373 


100 


2 . 


0.2 


351 


94 


3 


0.4 


324 


85 


4 


0.8 


254 


68 


5 


" 1.0 


211 


57 


6 


2.0 


91 


24 


7 


4.0 • 


40 


11 


8 


6.8 


40 


11 


9 


8.0 


37 


10 



20 



20 ft was demonstrated in (his Example that the activity of the ATP in the 2,4- 

dinitrophenyl-ATP conjugate relative to the bioluminescent reaction system was an 
inverse function of the amount of antiserum to 2,4-dinitrophenyl present in the 
reaction mixture. The present invention therefore provides a test composition and 
method for determining the ligand antibody to 2,4-dinitrophenyl in a liquid medium 

25 using a direct binding-bioluminescent assay technique. 25 

EXAMPLE 22 

Competitive binding-bioluminescent assay for derivatives of 2,4-dinitrophenyl ; 
use of ATP as labeling substance. 

The bioluminescence reaction system used in this Example was the same as 
30 that described in Example 21. 30 

Thirteen specific binding reaction mixtures were prepared, each having a total 
volume of 100 id and each containing 20 mMtris<hyaroxymcthyl)-aminomethane 
hydrochloride buffer at ph 7,4, 10 mM ethylenediamine tetraacetic acid, 45 mM 
2,4-dinitrophenyl-ATP conjugate (terminal phosphate derivative, prepared 
35 according to Example 20), and 2,4-dttnitrophenyl-p-alanine at the concentrations 35 
indicated in Table 16. To twelve of the thirteen reaction mixtures (i.e. nos 2 
through 13) was added an amount of antiserum to 2,4-dinitrophenyl sufficient to 
inhibit the peak light intensity produced by the bioluminescence reaction in the 
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6(1972) to produce the activated pyrophosphate which has reacted with ATP. One 
g2-[N-f2 f 4-dinitrophenorjaminoJethylphosphate (3.25 mraol) was c nvertedt the 
pyridinium salt by chromatography on a 2.5x25 cm c lumn of Dowex 50x2 in the 
pyridinium form. The yellow effluent was concentrated to dryness and the residue 
5 was suspended in 50 ml methanol to which 1 .4 ml tri-n-octyl amine (3.25 mmoi) was 5 
added. The mixture was stirred until the solid dissolved' and then the methanol was 
removed under vacuum. The residue was taken up in pyridine (20 to 25 ml) and 
evaporated to dryness (repeated twice). Then the residue was dissolved in 30 ml dry 
dimethyiformamide and evaporated to dryness (repeated three times). The dried 

10 residue was dissolved in 30 ml dimethyiformamide and 0.97 ml 10 
diphenylphosphorochloridate (4.9 mmol) was added, followed by 1.6 ml tri-n- 
butylamine (3.25 mmol). The reaction mixture was stirred for 2 hr at room 
temperature and then evaporated to dryness. The residue was shaken with 70 ml 
dry diethyl ether for 2 min and then 150 ml petroleum ether was added. After 1 hr 

15 the yellow supernatant w as decanted, leaving a yellow oil which was dissolved in 30 15 
ml dry dimethylfonnamide and evaporated to dryness. The oil which remained was 
dissolved in 100 ml pyridine:dimethyl formanude (1:1 v/v) and one-half of this 
solution was reacted with the tri-n-ocytyl ammonium salt of ATP. 

ATP (0.7 mmol) was converted to the pyridinium salt by chromatography on a 

20 2.5 x25 cm column of Dowex 50x2 in the pyridinium form. The aqueous solution of 20 
this salt was evaporated to dryness and 15 ml methanol and 1.4 ml tri-n-octyl amine 
(1.4 mmol) were added. The mixture was stirred until the ATP dissolved and the 
solvent was removed under vacuum. The residue was dried by repeated 
evaporation from pyridine and then dry dimethyiformamide. Finally, the oily 

25 residue was combined with the activated 2-[N-(2,4- 25 
dinitrophenyl)amino]ethylphosphate and the reaction mixture was stirred at room 
temperature overnight. Then the solvent was removed by evaporation under 
vacuum and the residue was stirred with 100 ml water for 1 hr, while the pH was 
maintained at 6.5 to 7.5 by addition of sodium hydroxide. The soluble material was 

30 applied to a 3x45 cm column of Sephadex A-50 (DEAE) in the bicarbonate form 30 
(available from Pharmacia Fine Chemicals, Piscataway, New Hersey. The 
chromatogram was developed with a linear gradient generated with 2 liters each 0. 1 
M and 0.5 M ammonium carbonate. Material which eluted between 0.18 and 0.26 
M ammonium carbonate was concentrated by evaporation under vacuum and the 

35 ammonium carbonate was removed by repeated evaporation to dryness from 35 
water. Further purification was carried out by thick-layer chromatography on silica 
gel with a solvent consisting of 7 parts ethanol to 3 parts 1 M tri ethyl ammonium 
carbonate (pH 7.5). Two major yellow bands separated and were each scraped 
from the plate. The silica gel was stirred for 1 hr with methanol-water (1:1 v/v) and 

40 the soluble materials from each band were passed separately into 2.5x20 cm 40 
columns of DEAE-cellulose in the bicarbonate form. The columns were washed 
with water and then 0.5 M ammonium carbonate. Hie yellow materials eluted by 
the salt were concentrated to dryness under vacuum. The compound which 
migrated faster on silica gel was identified as unreacted 2-[N-(2,4- 

45 dinitrophenyl)aminolethylphosphate. 45 
The second band, Rf=0.64 t from the silica gel plate had optional absorption 
maxima at 257 and 259 nm, and the milli molar extinction coefficients of a solution 
in 0.02 N hydrochloric acid were 21.1 and 16,2, respectively. This product, the 
desired conjugate, was found to contain 4.3 residues of phosphate per residue of 

50 ribose. 50 

EXAMPLE 21 

Direct binding-bioluminescent assay for antibody to 2,4-dinitrophenyl; use of 
ATP as labeling substance. 

The bioluminescence reaction system used in this Example was based on the 
55 following reaction: 55 

(enzyme) 

ATP-ligand > ATP + modified ligand 

lucif erase 
ATP + reduced lucif erin '• > 



AMP + oxidized iuciferin + hp 



48 
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SSSfiSM ?3i?nT peak Ught ktcnsity was ca,culated for cach - 71,6 

TABLE 17 



25 



30 



reaction 
mixture 


concentration of 
2,4-dinitrophenyI 
-^-alanine (pM) 


average 
peak light 
intensity 


1 


0 


7 


2 


25 


14 


3 


2500 


185 



B. Assay using 8-position derivative of ATP. 
5 Four specific binding reaction mixtures were prepared, each having a total 

volume of 100 id and each containing 20 mM tris^ydroxymethyl)aminomethane 
hydrochloride buffer at pH 7.4, 10 mM ethylenediaminetetraacetic acid, 20 id 
antiserum to 2,4-dinitrophcnyl, 594 nM 2,4-dinitrophenyl-ATP conjugate (8- 
m position derivative, prepared according to Example 19), and 2,4-dinitrophenyl-fl- 
iu alanme at the concentrations indicated in Table 18. After incubation at 25°C for 2 
hours, duplicate 10 fd aliquots of each reaction mixture were assayed as in Example 
21 and the average peak light intensity was calculated for each. The results apnear 
in Table 18. ™ 



TABLE 18 


reaction 
mixture 


concentration of 
2,4-dinitrophenyl 
-^-alanine (jM) 


average 
peak light 
intensity 


I 


0 


18 


2 


25 


51 


- 3 


250 


191 


4 


2500 


190 



dione. 



A. 4^3^hIoro-2-hydroxypropylamino)-N-methylphthalimide 
Twenty-five grams (0.142 mole) 4-amino.N-methylphthalamide, prepared 
according to the method desenbed m /. Otenu $oi 26: (1937), and io.7 g (0.21 
mole) i-chloTC T 2^epoxypropane were added to 150 ml 2,2^trifluoroethanol and 
the reaction mixture was heated to reflux with stirring for 48 hrs. Seventy to eighty 
ml of 2,2,2-trifluoroethanol was removed by distillation and a heavy yellow 
precipitate formed when the remaining solution cooled to room temperature This 
l^o"? 6 .2^ e t hy i ? cetatc ' coatee* by filtration and dried to 

f lve i 9 ^ Ztfl/'J 1 *}® of * he de si"d intermediate m.p. 136— 138.5°C Calculated 
for C ia H w ClN a 0 3 : C.53.64; H.4.88; N.I0.45. Found: Q53.87; H,4.85;^10 81 
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The results of this Example and those of Example 22 demonstrate that the 15 
labeling substance, ATP, may be derivatized at various positions about its structure 
in i the preparation of a useful conjugate for use in the specific binding assay method 
of the present invention. 

_ . . EXAMPLE 24 

20 Preparation of biotin-isoluminol conjugate. 20 

6^3-Biotinoylaimdo-2-hydroxypropy^ 



25 



30 



47 
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other reaction mixture (i.e. no. 1) by 75 percent. After incubation at 25 °C for 2 
hours, duplicate 10 /il aliquots of each reaction mixture were assayed as in Example 
21 and the average light intensity and relative intensity were calculated for each. 
Hie results appear in Table 16 and in graphical form in Figure 10 of the drawing. 



TABLE 16 



reaction 
mixture 


concentration of 
2,4-dinitrophenyl 
-^-alanine (pM) 


average 
peak light 
intensity 


relative 
intensity 
(percent) 


1 


0.00 


377 


too 


2 - 


0.00 


89 


24 


3 


0.01 


97 


26 


4 


0.04 


130 


35 


5 


0.06 


143 


38 


6 


0.10 


170 


45 


7 


0.20 


210 


56 


8 


0.30 


257 


68 


9 


0.60 


314 


83 


10 


0.80 


334 


89 


11 


L0 


344 


91 


12 


2,0 


363 


96 


13 


4.0 


385 


102 



' It was demonstrated in this Example that the relative intensity produced was a 
direct function of the amount of 2 > 4-dinitrophenyl-/$-alanine present in the reaction 
mixture. The present invention therefore provides a test composition and method 
for determining ligands such as derivatives of 2,4-dinitrophenyl in a liquid medium 
10 using a competitive binding-bioluminescent assay technique. 

EXAMPLE 23 

Competitive binding-bioluminescent assay for derivatives of 2,4-dinitrophenyl; 
use of ATP as labeling substance. 

The biolurainescence reaction system used in this Example was based on the 
15 following reaction: 

Iuciferase 

ATP-ligand + reduced luciferin > 
AMP-ligand + oxidized luciferin + hp 



A. Assay using 6-position derivative of ATP. 

Three specific binding reaction mixtures were prepared, each having a total 
20 volume of 100 iil and each containing 20 mm tris-(hydroxymcthyl)-aminomethane 
hydrochloride buffer at pH 7.4, 10 mM ethylenediaminetetraacetic acid, 20 u\ 
antiserum to 2,4-dinitrophenyl, 512 nM 2,4-dinitrophenyl-ATP conjugate (6- 
position derivative, prepared according to Example 18), and 2,4-dinitropnenyl-/J- 
alanmine at the concentrations^ndicated in Table 17. After incubation at 25°Cfor 
25 2 hours, duplicate 10 pi aliquots of each reaction mixture were assayed as in 
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25 
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reaction 
mixture 


concentration 
of biotin 
</iM) 


TABLE 19 

concentration of 
biotin-isoluminol 
conjugate (nM) 


concentration of 
avidin 
(units/ml) 


peak light 
intensity 


1 






— 


0.8 


2 






0.14 


0.9 


3 




84 




1.9 


4 






0.14 


25.3 


5 


4 






0.8 


6 


4 


84 




2.2 


7 


4 




0.14 


0.9 


8 


4 


84 


0.14 


6.1 


9 


1.3 


84 


0.14 


10.4 



50 



a Reactions 1 ,2,5 and 7 were controls and show that in the absence of biotin- 
isoluminol conjugate, only a low background amount of light was ^meaWred T?e 

m the chemdumescent reaction and that the presence of free biotin had no 6 
significant effect on such activity. Hie result of reaction 4 showsTat in the 
presence of avidin, a binder for biotin, the activity of the biotin^olu^nol 
connate increased. This result is rather" unexpected rince one ^2SS 
ti* binding of avidin tothe conjugate should limit the availability of the botaffi 
moiety for the chemilununescent reaction. The reason for the observed 10 
enhancement of hjht-production is not understood. A comparison of the results of 
reactions 4,8, and 9 demonstrate that the enhancement of light production is 
decreased inversely with the amount of free biotin present P"*>««ion * 

I* a ♦ Th ? S f* am P lc demonstrates that the ligands avidin and biotin can be 
is determined using specific binding-chemilumescent assay techniques and that 15 
accordmg to the present invention the effect of binding between the labeling 
substance in the conjugate and a corresponding binding partner may be an 
enhancement, rather than inhibition, of the activity of the labeling substance. 

. EXAMPLE 26 

c u .^P** 1 ^ binding-chemilumescent assay for biotin; effect of various levels on 
of biotin on the peak light intensity produced. 20 

The^chemilumesccnt reaction system used in this Example was the same as that 
described in Example 25. 

Six specific binding reaction mixtures were prepared, each having a total 
volume of 140 a\ and each containing 0.1 M Uis-(nydroxymethylHmin^ethane 25 
hydrochloride buffer at ph 7.4, 84 nM biotin-luminol conjugate (prepared as™5 
Example 24) biotin at the concentrations indicated in Table 20, and 0.035 units/ml 
awdin (added last). After a 5 minute incubation at 25"C, 10 ,d of lactoperoxidase 
(20 units/ml) were added to each reaction mixture. 

in J&V . a " ad , ditional ? u m J nutc . incubation, 10*1 0.95 mM hydrogen peroxide in 30 
10 mM ^Mhydroxymethyl)-aminomethane hydrochloride buffer at pH 7.4 was 
injected into each reaction mixture and the peak light intensity produced in each 

£™™^- rcd a ?, m S^S 16 2?- ^ rcsults aPPcar in Table 20 and in graphical 
form in Figure 1 1 of the drawing. 
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B. 4-tHN-Phthalmido)-2-hydroxypropyIamino]-N-mcthylphthalimide. 

The intermediate prepared m Part A (1 3.5 g, 0.05 mole) and 15.7 g (0,085 mole) 
potassium phthalimide were heated to reflux with stirring in 150 ml 
dimethylformamide for 24 hrs. The dimethylformamide was removed and the 
5 residue was washed with water and filtered. The yellow filter cake was 5 
recrystallized from acetic acid-water to give 12.8 g (67% yield) of product, m.p* 
247— 248.5°C. Calcualted for C^NaO,: Q63.32; H,4.52; N.11.08. Found: 
C.63.16; H,4.38; FT.10.93. 

C. '643-Arnino-2-hydroxypropylamm^^ 

10 The intermediate from Part B (5.0 g, 13.2 mmole), 90 ml absolute ethanol and 10 

35 ml 95% hydrazine were refluxed with stirring for 4 hrs. The solvent was removed 
under a vacuum and the resulting solid was dried for 24 hrs under vacuum at 120°C. 
This material was stirred for 1 hr with 70 ml of 0.1 N hydrochloric acid. 
The insoluble 2,3-dihydroxyphthalazine-l,4-dione was removed by filtration and 

15 the filtrate was adjusted to pH 6.5 with saturated sodium bicarbonate. The white 15 
precipitate which formed was collected by filtration and dried to give 2.2 g of the 
product (67% yield). After ^crystallization from water, the compound 
decomposed at 273°C Calculated for C^H^O,: Q52.79; H,5.64; N.22.39. 
Found: C f 52.73; H,5.72; N.22.54. 

20 D. Biotin-isoluminoi conjugate. 20 

Biotin (0.29 g, 12 mmole) and 0.17 ml triethylamine were dissolved in 20 ml 

a dimethylformamide under anhydrous conditions and cooled to -10°C A - 
ition of 0.141 ml ethylchloroformate in 2.86 ml ether was added slowly and the 
reaction was stirred for 30 min. A precipitate which formed was separated by 
25 filtration. A suspension consisting of 600 mg (2.4 mmole) of the intermediate from 25 
Part C, 20 ml dry dimethylformamide and 1 ml dry pyridine was added to the 
filtrate quickly. This mixture was stirred at — 10°C for 30 min and then at room 
temperature overnight. During this period a solution was obtained. The 
dimethylformamide was removed by distillation at 60°C and 0.10 mm Hg pressure. 
30 The oily residue was stirred with 50 ml 0. 1 N hydrochloric acid for 1 hr. A white 30 
solid which formed was filtered and washed with 0.1 N hydrochloric acid and then 
water. After drying under a vacuum at room temperature overnight, 0.55 g (97% 
yield) of the product was obtained, m.p. 170-3°C. Calculated for C 21 H 2t N 9 p B S: 
C.52,92; H.5.92; N,17.64. Found: C.51.69; H.5.90; N.17.63. 

35 EXAMPLE 25 35 

Specific binding-chenuluminescent assays; effect of avidin and biotin on 
activity of a biotin-isoluminoi conjugate. 

The chemiluminescent reaction system used In this example was based on the 
following reaction: 

40 lactoperoxidase n 
biotin-isoluminoi + H 2 O z 4U 

biotin-aminophthalate + N a + hi> 

Nine specific binding reaction mixtures were prepared, each having a total 
volume of 140 ul and each containing 0.1 M tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 7.4 and biotin, biotin-isoluminoi conjugate (prepared 

45 according to Example 24), and avidin (added Last), in the concentrations indicated 45 
in Table \9, After 5 minute incubation at 25°C, iOjd 0.1 M tris^hydroxymethyl) 
aminomethane hydrochloride buffer at pH 7.4 containing 20 units/ml 
lactoperoxidase (available from Sigma Chemical Co., St Louis, Missouri; assayed 
as described in Methods ofEnzymolop XVIIA, (1970)p.653-Assay 1) was added to 

50 each reaction mixture. After incubation at 25 °C for 2 additional minutes, 10^1 0.95 50 
mM hydrogen peroxide in 10 mM tris-(hydroxymethyl)-aminomethane 
hydrochloride buffer at pH 7.4 was injected into each reaction mixture and the 
peak light intensity produced in each was measured using a Dupont Model 760 
Bioluminescence Photometer (EL duPont de Nemours, Wilmington, Delaware). 

55 The results appear in Table (9. 55 
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TABLE 21 


reacti n 
mixture 


concentration of 
biotin(nM) 


peak light 
intensity 


1 


0 


38.5 


2 


13 


38.5 


3 


27 


34.3 


4 


40 


36.1 


5 


53 


35.2 


6 


67 


36.2 


7 


101 


34.0 


8 


133 


31.7 


n 
y 


166 


29.1 


10 


200 


24.2 


11 


267 


22.8 


. 12 


333 


20.5 


13 


400 


13.4 


14 


534 


8.6 


15 


667 


83 


16 


800 


7.0 
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It was demonstrated that the magnitude of the peak light intensity produced by 
the chemiluminescent reaction system was an inverse function of the amount of 
biotin present in the specific binding reaction mixture. The present invention 
5 therefore provides a test composition and method for determining the presen ce of 5 
the ligand biotin in a liquid medium using a competitive binding-cnemfluminescent 
assay technique which does not employ an enzyme-catalyzed monitoring reaction. 

WHAT WE CLAIM IS:— 

1. A method of assaying a liquid medium for a ligand which comprises (1) 
10 contacting the said medium with a conjugate of (a) a reactant which is tn one or io 
more of the following categories: 

(i) a substrate in an enzyme-catalysed reaction system; 
(U) a reactant in a cyclic reaction system (as hereinbefore defined); 
(iii) a reactant in a luminescent reaction system! or 
15 (iv) a coenzyme in an enzyme-catalysed reaction system, 15 

with (b) the said ligand, a specific binding analogue of the said ligand, or a specific 
binding partner of the said ligand, and if (b) is the said ligand or analogue thereof, 
further contacting said medium with a specific binding partner of the said ligand, 
the said conjugate being such that a predetermined characteristic of the said 
20 reactant (a) is different in the conjugate and in the product formed by binding of 20 
the conjugate to either (A) the said ligand when (b) is A specific binding partner 
thereof or (B) the said specific binding partner of the said ligand where (b) is the 
said ligand or a specific binding analogue of the said ligand, and (2) thereafter 
assessing any change in the activity of the said reactant (a) in the respective 
25 reaction by contacting the said medium with a further substance so as to form 25 
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TABLE 20 


reaction 
mixture 


concentration of 
biottn (nM) 


peak light 
intensity 


I 


0 


23.5 


2 


67 


21.1 


3 


134 


15.5 


4 


200 


12.6 


5 


268 


12.3 


6 


400 


8.1 



It was thus demonstrated that the magnitude of the peak light intensity 
produced by the chemilumescent reaction system was an inverse function of the 
amount of biotin present in the specific binding reaction mixture. The present 
5 invention therefore provides a test composition and method for determining the 5 
• presence of the ligand biotin in a liquid medium using a competitive binding- 
chemiiuminescent assay technique. 

EXAMPLE 27 
Competitive binding-chemiluminescent assay for biotin, 
10 The chemiluminescent reaction system used in this Example was based on the 10 

following reaction: 

biotin-isoluminol + KO t - r* 

biotin-aminophthalate + N, + hp 

Sixteen specific binding reaction mixtures were prepared, each having a total 
15 volume of 150 fi\ and each containing 0.1 M tris(hydroxymethyl)-aminomethane 15 
hydrochloride at pH 8.0, 42 nM biotin-luminol conjugate (prepared as in Example 
24), biotin at the concentrations indicated in Table 21, and 0.12 units/ml avidin 
(added last). After incubation at 25 °C for 5 minutes, 10 fi\ of dimethylformamide 
containing 0.15 M potassium superoxide (KO a ) (available from Alpha Products, 
20 Beverly, Massachusetts) and 0.10.10 M 1,4,7, 10,1 3, 16-hexaoxyacylcooctadecane 20 
(available from Aldrich Chemical Co., Milwaukee, Wisconsin) were injected into 
each reaction mixture and the peak light intensity produced in each was measured 
as in Example 25. The results appear in Table 21 and in graphical form in Figure 12 
of the drawing. 
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20. A method as claimed in Claim 19 wherein the amount of the said Iigand or 
specific binding analogue thereof in the conjugate is in excess of that capable of 
binding with the amount of the said specific binding partner present during the time 
... .™ l tne sa ?d conjugate and the said specific binding partner are in contact prior to 
5 contact with the said medium, and wherein the amount of the said ligand or 5 
analogue in the conjugate, which becomes bound to the said specific binding 
partner is in excess of that capable of being displaced by all of the said ligand in said 
liquid medium during the time that said specific binding partner and the said 
medium are in contact prior to step (2). 

10 21. A method as claimed in any of Claims I to 13 wherein the said conjugate 10 

comprises the said ligand or a specific binding analogue of the said ligand and the 
said conjugate and said specific binding partner are in the form of a complex, the 
said ligand or specific binding analogue m the said conjugate and the said specific 
binding partner being rcversibiy bound to each other. 

15 22. A method as in Claim 21 wherein the amount of the said ligand or specific 15 

binding analogue thereof in the conjugate is in excess of that capable of being 
displaced by all of the said ligand in the said liquid medium during the time that the 
said complex and the said medium are in contact prior to step (2). 

23. A method as claimed in any of Claims 1 to 22 wherein tne said ligand is an 

20 antigen or antibody thereto; a hapten or antibody thereto; or a hormone, vitamin, 20 
metabolite, or pharmacological agent, or a receptor or binding substance thereof. 

24. A method as claimed in any of Claims 1 to 23 wherein the said liquid 
medium is a fluid of biological origin. 

25. A method as claimed in Claim 1 substantially as described in any one of 

25 Examples 5 to 13, 15, 17, 21, 22, 23, 25, 26 and 27, 25 

26. A test system for use in assaying a liquid medium for a ligand which 
comprises (1) a conjugate of (a) a reactant which is in one or more of the following 
categories: - 

(i) a substrate in an enzyme-catalysed reaction system; 
30 (H) a reactant in a cyclic reaction system (as hereinbefore defined); 30 

f iii) a reactant in a luminescent reaction system, or 
(iv) a coenzyme in an enzyme-catalysed reaction system, with 
(b) the said ligand or a specific binding analogue of the said ligand, and (2) a 
specific binding partner of the said ligand; the said conjugate being such that a 
35 predetermined characteristic of the said reactant (a) is different in the conjugate 35 
and in the product formed by binding of the conjugate to the said specific binding 
partner. 

27. A test system as claimed in Claim 26 which, when the said reactant (a) is a 
said substrate or coenzyme in an enzyme-catalysed reaction system, additionally 

40 comprises the said enzyme. 40 

28. A test system as claimed in Claim 26 or 27 wherein the said reactant is a 
nucleotide coenzyme. 

29. A test system as claimed in Claim 26 or 27 wherein the said reactant is an 
adenosine phosphate, nicotinamide adenine dinucleotide or a reduced form 

45 thereof, or nicotinamide adenine dinucleotide phosphate or a reduced form 45 
thereof. 

30. A test system as claimed in Claim 26 or 27 wherein the said reactant is 
adenosine triphosphate or flavin adenine dinucleotide. 

31. A test system as claimed in Claim 26 wherein the said reactant is luminol, 

50 isoluminol, or a modification thereof. 50 

32. A test system as claimed in Claim 26 or 27 wherein the said reactant 
contains an enzyme-cleavable bond or linking group. 

33. A test system as claimed in Claim 32 wherein the linking group is an 
ester group cleayable by an esterase. 

55 34. A test system as claimed in Claim 32, or 33, wherein the cleavage of the 55 

said bond or group produces a product which has a fluorescent property which 
distinguishes it from the conjugate. 

35. A test system as claimed in Claim 34 wherein "the said product is 
umbelliferone or a modification or derivative thereof. 

60 36. A test system as claimed in Claim 34 wherein the said product is fluorescein 60 

or a modification or derivative thereof. 

37. A test system as claimed in any of Claims 26 to 36 wherein the said ligand is 
an antigen or antibody thereto; a hapten or antibody thereto; or a hormone, 
vitamin, metabolite, or pharmacological agent, or a receptor or binding substance 

65 thereof. 65 
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a said reacti n system, and comparing a characteristic f the resulting react! n 
system with that of an otherwise reacting system containing a known amount of the 
said Iigand. 

2. A method as claimed in Claim 1 wherein the said rcactant is a nucleotide 

5 coenzyme. 5 

3. A method as claimed in Claim 1 wherein the said reactant is an adenosine 
phosphate, nicotinamide adenine dinucleotide or a reduced form thereof, or 
nicotinamide adenine dinucleotide phosphate or a reduced form thereof. 

4. A method as claimed in Claim 1 wherein the said reactant is adenosine 

10 triphosphate or flavin adenine dinucleotide; 10 

5. A method as claimed in Claim I wherein the said reactant is luminol, 
isoluminol, or a modification thereof, 

6. A method as claimed in Claim 1 wherein the said reactant contains an 
enzyme-cleavable bond or linking group. 

15 7. A method as claimed in Claim 6 wherein the linking group is an ester group 15 

cleavable by an esterase. 

8. A method as claimed in Claim 6 or 7 wherein cleavage of the said bond or 
group produces a product which has a fluorescent property which distinguishes it 
from tne conjugate. 

20 9. A method as claimed in Claim 8 wherein the said product is. umbelliferone 20 

or a modification or derivative thereof. 

10. A method as claimed in Claim 8 wherein the said product is fluorescein or a 
modification or derivative thereof. 

1 1 . A method as claimed in any of Claims 1 to 4 wherein the said reactant is a 

25 reactant in a cyclic reaction system and the characteristic compared is reaction 25 
rate. 

12. A method as claimed in Claim I or 5 wherein the reactant is a reactant in a 
luminescent reaction system and the characteristic compared is the total amount, 
peak intensity, or character of the light produced. 

30 13. A method as claimed in Claim 1, 8, 9 or 10 wherein the said reactant is a 30 

substrate in an enzyme-catalysed reaction system containing a bond or linking 
group cleavable by the said enzyme to produce a product having a fluorescent 
property which distinguishes it from the said conjugate, and die characteristic 
compared is the rate of fluorescence production. 

35 14. A method as claimed in any of Claims I to 13 wherein the said conjugate 35 

comprises the said Iigand or a specific binding analogue of the said iigand and the 
specific binding partner of the said Iigand is contacted substantially simultaneously 
with the said conjugate and the said medium. 

. 15. A method as claimed in Claim 14 wherein the said specific binding partner 

40 is contacted with the said medium and the said conjugate in an amount less than 40 
that capable of binding with all of the said Iigand in the said medium and all of the 
said Iigand or specific binding analogue thereof in conjugated form during the time, 
that said specific binding partner, said conjugate, and said medium are in contact 
prior to step (2). 

45 16. A method as claimed in Claims 1 to 13 wherein the said conjugate 45 

comprises a specific binding partner of the said Iigand and is contacted with the 
said medium in an amount which is in excess of that capable of binding with ail of 
the said Iigand in the said medium during the time that said conjugate and said 
medium are in contact prior to step (2). 

50 17. A method as Claimed in any of Claims 1 to 13 wherein the said conjugate 50 

copmprises the said Iigand or a specific binding analogue of the said Iigand and the 
said specific binding partner of the said Iigand is contacted with the said medium 
before contact with the said conjugate. 

18. A method as claimed in Claim 17 wherein the amount of the said specific 

55 binding partner contacted with the said medium is in excess of that capable of 55 
binding with all of the said Iigand in the said medium during the time that the said 
specific binding partner and the said medium are in contact prior to contact with 
the said conjugate, and wherein the amount of the said Iigand or specific binding 
analogue thereof in conjugated form is in excess of that capable of binding with the 

60 remaining unbound amount of the said specific binding partner during the time that 60 
the said medium and the said conjugate are in contact prior to step (2). 

19. A method as claimed in any of Claims 1 to 13 wherein the said conjugate 
comprises the said Iigand or a specific binding analogue of the said Iigand and the 
said conjugate is contacted with the said specific binding partner in a liquid 

65 environment before contact with the said medium. 65 
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38* A test system as claimed in Claim 26 substantially as hereinbefore 
described. 
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